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S.EBOTYPING A N D  THE ANTIGENS
OF
V I B R IO  CHOLERAE
T E R E N C E  DONOVAN
THIS THESIS WAS SUBMITTED TO FULFIL THE REQUIREMENTS OF A DOCTOR 
OF PHILOSOPHY DEGREE AT THE UNIVERSITY OF SURREY ON A COLLABORATIVE 
BASIS WITH MAIDSTONE PUBLIC HEALTH LABORATORY 
OCTOBER 1982.
SUMMARY
A flagellar antigen common to all strains of Vibrio cholerae was 
demonstrated and techniques for its detection were established. 
Anti-flagellar sera agglutinated but did not immobilize cultures 
of V cholerae, V cholerae, V metschnikovii, V fluvialis and
V anguillarum were shown to have minor H antigenic determinants In 
common, but the major H antigenic determinants were specific to 
individual species.
At least 83 different 0 antigens were found within the 
species V cholerae. The majority were immunologically distinct and 
a micro-method for performing 0 typing was developed and used to
0-type cultures of V cholerae, 1,197 cultures of V cholerae 
isolated from patients and the environment from several different 
areas of the world were examined, A wide range of different 0 types 
was found and the epidemiological significance of the findings was 
studied with particular regard to human gastro-enterîtis. 0 typing 
of V cholerae was found to be highly discriminating compared with 
the limited discrimination of biotyping and phage-typing. Tests 
for biological activity showed no exclusive relationship with 0 type.
Investigations of the heat-stabiIity of suspensions of
V cholerae demonstrated a phenomenon of thermal Inactivation of 0 
agglutination. This was thought to be due to the blocking of 0 
antigenic sites during the early stages of heating by a glyco- 
proteinaceous complex which was removed by further heating. Three 
patterns of thermal inhibition of agglutination were found and the
patterns were shown to be strain and not serotype related.
The separation of the species V mimicus from V cholerae 
was not supported as they appeared to be antigenically indistinguishable. 
Several batches of V cholerae 01 agglutinating anti sera used 
in diagnostic laboratories were found to be unsatisfactory. A 
specification for the production and designation of diagnostic 
agglutinating antiserum was given.

Two miles south-west of Maidstone lies the old 
village of East Farleigh. Within its church-yard stands a 
canopied wooden cross in memory of 43 strangers who died of 
cholera in September 1849.
The parish burial records show that these 43 
'strangers' were mainly Irish Roman Catholics who were in Kent 
for the hop-picking season.
Until fairly recently evidence of the poor conditions 
for the hop-pickers, in the form of 'hoppers' huts', were still 
to be seen in this area, which is still a centre for hop-growers
Among the 43 strangers were recorded the following:
Mary Donovan aged 40, Mary Donovan aged 8 and Margaret Donovan
aged 20. This thesis is dedicated to their memory.
Terence John Donovan
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I N T R O D U C T I O N
1 Early Observations
Early workers Investigating the disease cholera used a 
variety of terms, eg vibrio comma when recording their 
observations on microscopic and laboratory cultural procedures.
In this review of the early findings the modern terms vibrio 
cholerae and vibrio will be used when there is evidence that 
this was the bacterium observed.
The first microscopic observation of vibrio cholerae 
is thought to have been made by the Italian Pacini when he was 
examining the faeces of cholera cases in Florence in 1854 (Sticker 
1912). Hassall, working at St Thomas's Hospital In London, at the 
same time also observed motile vibrios in the rice water discharge 
of cholera cases. A number of other microscopic observations 
(Bruberger 1867, Klob 1867) were made before Robert Koch in 1883, 
during an investigation of an outbreak of cholera in Egypt, 
cultured yfbrio cholerae (Koch 1884). Koch continued his research 
in India and was able to culture V i i r i o  cholerae from the faeces 
of cases and intestinal contents of victims in Calcutta and also 
demonstrated the absence of Vibrio cholerae in other diseases and 
their disappearance from the faeces of patients who were 
recovering from cholera (Pollitzer 1959). These findings were 
used to establish yibrio cholerae as the causative agent of 
cholera, despite the failure to demonstrate the disease in 
experimental animals. The validity of Koch's findings were soon
challenged by the demonstration of other vibrios during the 
investigation of gastro-lntestInal infections. Finkler and 
Prior (1884) demonstrated the presence of other vibrios in addition 
to F cholerae during an outbreak of cholera at Bonn. These 
vibrios were studied by Buchner (1885) who proposed the name 
Vibrio proteus for these organisms. In 1888 Gama lei a reported 
the isolation of Vibrio metschnikovii from a chicken that had 
died of choleraic disease. The isolation of Vibrio metschnikovii 
and other vibrios during the next few years stimulated the 
development of laboratory tests that were not based solely on 
morphology to differentiate between true cholera vibrios and 
other vibrios.
The studies of Pfeiffer (1895) on immunity to the disease 
led to the development of a serological method for identifying
V cholerae. He used a technique now known as the 'Pfeiffer 
Reaction' in which he injected two guinea pigs intraperitoneally 
with a culture of vibrios. One guinea pig was inoculated with 
guinea pig cholera immune serum and the other with normal serum. 
Virulent cultures of v cholerae were seen to be lysed with only a 
few non-motile aggregates in the peritoneal fluid of the
immunized guinea pig when fluid was removed for microscopic examination 
after 20 minutes. Bordet (1895) noted that in contrast
to normal rabbit serum, the sera of rabbits immunized with
V cholerae immobilized and agglutinated cultures of V cholerae.
In 1896 Gruber and Durham described agglutination reactions of 
cultures of V cholerae with rabbit antisera. Kraus (1897) showed
that even after heat treatment suspensions of F cholerae 
stILL agglutinated by immune sera and he also demonstrated 
immuno-precipitat ion with filtrates of broth cultures and specific 
immune sera. The investigations of Kolle and Gotschlich (1903) 
confirmed the sensitivity and diagnostic importance of 
agglutination tests in the identification of F cholerae , 
Friedberger and Luerssen (1905) claimed that the usefulness of 
the agglutination technique was limited because 
autoagglutination of vibrios occurred in normal saline at 37° C 
after 6-8 hours incubation; this observation could not be 
confirmed by later workers (Kabeshima 1918),
The isolation of vibrios by Gotschlich in 1905 from the 
Intestinal content of pilgrims at the El Tor quarantine camp 
caused doubt about the specificity of the agglutination reaction. 
There was no clinical or epidemiological evidence that the 
pilgrims had suffered from cholera, yet the vibrios gave 
agglutination reactions identical to those of cholera vibrios.
The El Tor vibrios differed from the cultures of cholera vibrios 
by producing a strong haemolysin. Because the El Tor vibrios 
were considered to be non-pathogenic tests for haemolysins were 
developed to differentiate the non-haemolytic F  cholerae 
from the haemolytic El Tor vibrios. Various methods were used 
employing a variety of different test conditions and blood of
different animal species. The use of cultures grown in 
alkaline broth and the addition of washed Goaf red blood cells 
after growth, became accepted as the standard test for 
differentiating non-haemolytic V cholerae from haemolytic El 
Tor vibrios (Greig 1914). These organisms were given the status of 
different species at this time (Kraus 1922). The problem of the 
relationship of El Tor vibrios with cholera vibrios has been 
investigated by numerous workers over the years, yet it was not 
until 1962 that the World Health Organization pronounced that 
vibrios having the laboratory characters of El Tor vibrios could 
and did cause cholera. This decision was influenced by the 
outbreak of the seventh pandemic of cholera in Sulawesi in 1961 
from which many people were dying and from whom only El Tor 
vibrios were isolated. In 1907 Neufeld and Haendel had shown 
that by using both complement fixation and tests for phagocytosis 
with cholera immune sera both El Tor and cholera vibrios gave 
identical reactions. Douglas (1921) using agglutination and 
absorption techniques was also unable to distinguish between El 
Tor and cholera vibrios.
The controversy regarding El Tor vibrios subsided for several 
years but the question became topical again when in 1930/31 vibrios 
agglutinated by cholera antiserum were again isolated at El Tor.
As in 1905 there was no evidence of clinical cholera and the 
vibrios exhibited strong haemolysis. Heiberg (1935)
investigated the classification of F cholerae and the cholera­
like vibrios. Nobechi (1923) had attempted to classify 
vibrios by fermentation reactions and Heiberg found that vibrios 
could be divided into biochemical groups based on fermentation 
reactions. He investigated the potential value of 20 
carbohydrates and found that by using sucrose, d-mannose and 
l-arabinose vibrios could be divided into 6 groups, designated
l-VI.
Table 1. HEIBERG GROUPS OF VIBRIOS
Sucrose Mannose Arabinose Number of
Strains
Group I 
Group I I 
Group I I 
Group IV 
Group V 
Group VI
287
75
12
3
2
5
acId product ion 
no acid production
AIL vibrios that were agglutinated by cholera 0 antisera 
gave Group I results, this included numerous strains isolated 
from clinical cases of cholera and the El Tor strains and a 
few cholera-like vibrios which were not agglutinated by cholera 
0 antisera. Group II included a large number of cholera-like 
vibrios which were not agglutinated by cholera 0 antisera. A 
few strains of cholera-like vibrios were found in Groups 111 - VI 
Gas production from carbohydrates was not found with any vibrio, 
Heiberg concluded that Group I biochemical reactions, 
positive agglutination by cholera 0 serum and negative haemolysis 
(Greig 1914) were reliable criteria for fhe identification of 
V cholerae.
2.1 Modern Classification of Vibrios and Related Bacteria
The early identification methods for vibrios were based on 
their curved, sometimes spiral, morphology, but somatic curvature 
is not confined to the genus Vibrio; other genera such as 
Pseudomonas, Spirillum and Campylobacter have similar cellular 
morphology. The term 'vibrio' was often used for any gram- 
negative bacterium showing somatic curvature. The generic 
definition of vibrio was given as follows in the 6th edition of 
Bergey's Manual of Determinative Bacteriology (1948):-
"Cells short; curved single or united into spirals.
"Motile by means of a single polar flagellum which is 
"usually relafively short; rarely, two or three flagella 
"in one tuft. They grow well and rapidly on the surface 
"of standard culture media. Aerobic to anaerobic species.
"Mostly waterforms and few parasites.
The type species was given as Vibrio comma and a total of 22 
species were described (Table 2). The genus vibrio was placed 
in the family Pseudomonadaceae tribe Spirilleae.
2.2 Seventh Edition of Bergey's Manual
In the 7th edition of Bergey (Breed 1957) the generic definition was 
not significantly amended but the genus was placed in the family 
Spirillaceae and the number of species increased to 34. The genus 
was divided into groups on the basis of fermentation of carbohydrates.
requirement for sodium chloride for growth, production of 
bioluminescence and atmospheric gaseous requirements for growth,
2,3 Eighth Edition of Bergey's Manual
The discovery that another vibrio, F parahaemolyticus 
caused severe gastroenteritis and food poisoning in Japan 
(Sakazaki et al 1963) and the onset of the seventh pandemic of 
cholera in 1962 provided a stimulus to further studies on 
vibrios. The 8th Edition of Bergey contained major revisions of
taxonomy by Shewan and Veron (1974). The genus Vibrio was placed 
in the family Vibrionaceae (Veron 1965). The type species name 
was changed to F cholerae and the number of species was reduced to 
5. This significant reduction of species was influenced by the 
transfer of all microaerophiIic and anaerobic species to the genus 
Campylobacter (Sebald and Veron 1963). This transfer removed 
organisms that were the causes of 'vibriosis' in animals. The 
transfer also allowed a much more specific generic description to 
be used.
The species F cholerae included the biotypes classical and 
eltor to take account of the studies on the relationship of these 
organisms in the early years of the seventh cholera pandemic. Also 
included as biotypes of F cholerae were proteus and albensis despite 
a lack of fresh Isolates of these organisms to study at that time. 
The new species F parahaemolyticus included two biotypes.
The genus Beneckea (Campbell, 1957) which was originally 
described for chi tin attacking gram-negative rods and also by 
Baumann et al (1971) for halophilic vibrios was regarded as a 
genus of uncertain taxonomic status. The International Subcommittee 
on the Taxonomy of Vibrios (1975) recommended that halophilic vibrios 
such as Vibrio parahaemolyticus should not be recognized as 
Beneckea parahaemolytica as recommended by Baumann et al (1971).
The type species of Beneckea is B labra and there are no known 
strains of this species viable. Therefore the relationship of 
B labra to V parahaemolyticus cannot be evaluated.
The generic description of Vibrio was extended to include diag- 
nostically significant biochemical characterisation tests. These included 
the fermentation of glucose with acid only, positive oxidase test 
and sensitivity to 1,4-diami no-6,7-diisopropyl pteridine (vibriostatic 
agent 0/129) (Shewan et ai.1954), This test originally used the 
pteridine derivative which was weakly soluble in water. The 
phosphate derivative is soluble in water and enabled Furniss, Lee 
and Donovan (1978) to use this test to determine MICs for vibrios 
and related organisms and use high and low concentration discs to 
determine sensitivity to this agent. This test became an 
important characterising feature for vibrios.
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2.4 Current Valid Names
In 1973 the International Committee on Systematic Bacteriology 
(IC5B) decided to review the currently valid names of bacteria.
They decided to retain only names for those taxa which had 
adequate descriptions and, if available, a type, neotype or 
reference strain which was viable. They compiled lists and, after 
consultation with specialists, the lists were to be published in 
1980. Lists were prepared and published in the International 
Journal of Systematic Bacteriology, January 1980, Volume 30, 
pages 225-420. These names were to be effective from 1 January 
1980 as that date was to replace May 1 1753 as the new date for 
determining priorities for the names of new taxa.
The family name v i b r i o n a c e a e  (Veron 1965) was published with 
the type genus given as V ibr i o .  The genera V i b r i o ,  Aeromonas, 
Plesiomonas and Beneckea were listed. In addition to the five vibrio 
species listed in the 8th Edition of Bergey (Shewan and Veron 1974)
V albensis, V alginolyticus, V metschnikovii and V succinogenes 
were included. V succinogenes was included by error as the species 
is an anaerobe and will be deleted (A L Furniss, personal 
communication). The genus Beneckea included nine species, two 
species B parahaemolytica and B alginolytica were also included 
as Vibrio species.
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2.5 Ninth Edition of Bergey's Manual
The 9th Edition of Bergey (Baumann, Furniss and Lee) 
describes 20 species. These include several species that had 
previously been placed in the genus Beneckea. Baumann et ai 
(1980) abolished the genus Beneckea,and new species which may be 
pathogenic to man were also included,F fluvialis. (Lee, et ai 1981) 
and F vulnificus (Farmer 1979). The important characters of the 
new description of the genus Vibrio were as follows:-
Straight or curved rods, gram-negative, polar flagella 
enclosed in a sheath. On solid media, may synthesize numerous 
lateral flagella. Facultative anaerobes, fermentative and 
respiratory metabolism. Chemoorganotrophs, able to grow in a 
mineral medium containing D-glucose. Na^ stimulates the growth 
of all species and is an absolute requirement for most. Most 
species are oxidase positive. Found in aquatic habitats with a 
wide range of salinities. The G + C ratio is 38 - 51 mol %,
The species F cholerae was divided into 2 biotypes classical 
and eltor by the characters shown in Table 3, Characters which 
distinguish genera within the Vibrionaceae are listed in Table 4 
and characters which distinguish Vibrio species used in this 
thesis are listed in Table 5. A short description of the 
vibrio species and allied bacteria used in the following research 
work is given after tables 2, 3, 4 and 5.
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T a b l e  2 S p e c i e s  o f t h e  g e n u s  F i j b r i o
B«rg«y't Manual 6th Kdltlim (1448)
Bargay'a Manual
Edition (1<«7)
Bargay'a Manual
8th Edition (1474)
Valid Raaaa (1980) Bargay'a Manual
4th Edition (1482)
1 y eoua V comma V oholaraa y oholaraa V oholaraa
2 7 berolinensls V berollnansla T parahaaoolyticua y albanaia y aetaohnikorli
3 V ■•taefanikovli V aetaohnlkoTll y anguillaruB V parahaeaolytious y harrayl
4 V tyrogenua V protaua y fiacheri V alglnolytlcua V oanpbelli
5 V xanopua T aputiganua y ooaticola y anguillarun y parahaenolyticua
6 V plaolun y xanopua V costioola V alginolyticus
7 V protaua V laonardll y flaoharl V natrlegena
8 T wolfl V marinoppaaaans V metaohnlkovii V Yulnlficua
9 V aputiganua V phytoplanktia V suoclnoganaa V narais
10 V llqnafaclana V ooatieolus V fluvialis
11 V atrlotua 7 halonltrifloans * B sklginolytioa^ V aplandldua
12 V aquatilla V lumlnoaua * B oampbolli V palaglua
13 V naoclataa V indlcua X B harrayl V nlgrlpulehritudo
14 V ouneatua V albansls ^ B natriagens 7 anguillarun
15 V granii V picpantonll * B nigrapulchrituda 7 fiaehori
l6 V leonardii V agarllqusfaclens B parahaemolyticaT 7 logoi
17 V agarllquefaciena 7 andoli B pelagia 7 proteolyticus
18 V cyclositea V beijerinokii * B splendida 7 gazogenes
19 V percolans V fuseus *B vulnifioa 7 aarlnus
20 V andol V granii V ooaticola
21 V fetus V neoolstes
22 V piarautonii V cyclosites * at that ti m e l a b e l l e d  Beneckea
23
24
V oxallticus
V extorquena
t = included in b o t h  
and Beneckea
Vibrio
25 V cuneatus
26 7 psFCOlana
27 V adaptatus
28 V pisciun
29 V bypbalua
30 V fatus
31 V coll
32 V jejuni
33 V nigar
34 T aputoruB
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Table 3 Characters that distinauish biovars of V cholerae
Classical Eltor
HaemoLys i s - +
Voges Proskauer - +
Chick cell agglutination +
PoLymyxin B 50 units 5 R
Classical Phage IV S R
Eltor Phage 5 R S
Derived from Furniss, Lee and Donovan (1978)
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Table 4 Characters that distinguish genera
vibrio Aeromonas Plesiomonas Photobacterium 
Sheathed polar flagella + -
Na^ required for growth 
or stimulating growth + - - +
Mol % G + C DNA 38-51 57-63 51 40-44
0/129 (150 yg) 5 R S d
Cytochrome oxidase + + d
a = V metschnikovii is oxidase negative
Derived from Furniss, Lee and Donovan (1978), Lee al (1979)
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Table 5 Characters of Vibrio species ■
g  Ir i  ' H to +J+J 3  'N  _
O M  -H to to rC 3- H O .  - H R ^ t o O M  ( 1 ) * H  « S R S i t U U ' M M t qHJ Q ' H M  ( D M  ^  "M M  3  MM Æ j r n t ü O J O C ü ' M t t J C h ' S  0) Ü (1) rP Æ|. q  -H -H -H -pH *H
O 4 - > M S M t n 4 J M 3 t n C 0
Ü E Æ I Ü Q j f t j q & ' U P f t J
Thornley Arginine
Lysine Decarboxylase + d + + + + - + - - -
Ornithine Decarboxylase + - + - + + - + - - -  
Glucose (gas) - - - - - - - - d - -
Arabinose (acid) - - d - d - + - + - d
Inositol - d - - - - - - - - -
Sucrose + + d -  - + + - + + +
Sal ici n — — d — - — + + d — —
Voges Proskauer d + - d -  + - -  - -  +
ONPG + d d  — — — — + + — +
Growth at 43°C + d d - + + d + d - -
0/129 10 yg S S d S R R R S R R S
150 yg S S S S S S S S S S S
Growth on CLED + + - -  - -  - -  ± -  ±
Growth in NaCl %
0 + d - - - - ~ - d - d
3 + + + + + + + + + + +
^  -" + + + + + + + + —  +
8 — (j + — + + <j — c J " ” “
Swarming - - - - d  + - -  - -  -
Oxidase + -  + + + + + + + + +
Nitrate reaction + - + + + + + + + + +
Derived from: Furniss, Lee and Donovan (1978; Baumann, Furniss and Lee (1982
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2 . 6  F  cholerae
Vibrio cholerae, the type species of the genus Vibrio.
This includes all 0 serotypes of Sakazaki et al (1970), Shimada 
and Sakazaki (1977), Gardner and Venkatraman (1935), The 01 
serotype causes epidemic cholera. Included are the classical 
and eltor biotypes also the serological subtypes inaba, Ogawa 
and Hikojima of the 01 serotype. The non-01 strains of F cholerae 
have been described as non-cholera vibrio (NCV) and non-agglutinating 
vibrios (NAG). Serology has played an important role in this 
species with the recognition of the 01 serotype taking precedence 
over the other serotypes. F cholerae can be distinguished from 
other vibrios by its ability to grow in 0% Sodium Chloride, positive 
Lysine and Ornithine decarboxylation, negative Arginine dihydrolysis 
and sensitivity to 10 yg 0/129 discs. The G + C ratio is 47-49 mol /
2.7 F metschnikovii
V metschnikovii is distinguished from other vibrios by a 
negative reaction for cytochrome oxidase and nitrate reduction.
West et ai.(1978) examined the cytochrome distribution and oxidase 
activity amongst species of vibrios. They found F metschnikovii 
lacked cytochrome c but possessed the same cytochromes & o- d and a^ 
as F cholerae, V metschnikovii was first isolated by Gafï^leia 
(1888) from cases of gastroenteritis in chickens and he named the
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organism after his friend ELie Metschnikov. , F proteus was 
the name given by Buchner (1885) to a vibrio isolated by Finkler 
and Prior (1884) from a case of diarrhoea. The name F proteus was 
declared illegitimate in Index Bergeyana (Bergey, Haynes & Hitchens 1966),
V metschnikovii remained in culture collections as dérivâtes of 
the original isolates and was not apparently identified in 
laboratories again until Lee, Donovan and Furniss (1978) reported 
details of a study on these vibrios. They had isolated vibrios 
which they found to be F metschnikovii and had also received 
vibrios from other laboratories which they had identified as
V metschnikovii, in their study they recommended that vibrios 
retained In culture collections as F proteus should be included 
in their description of the species F metschnikovii.
Since that publication F metschnikovii has been found to be a 
very common isolate from both fresh and sea water.
F metschnikovii has been isolated from the blood of an 82 year old 
patient with cholecystitis and was thought to be clinically 
significant (Jacques et ai.1981). There is no other evidence 
of this organism causing disease in man. The G + C ratio is 
44 - 46 mol
2,8 V anguillarum
This vibrio, which was first described in 1909 (Bergman) 
has had a checkered taxonomic history. Many strains do not grow 
at 37°C and therefore have not been considered by medical 
bacteriologists, V anguillarum was excluded from the genus Vibrio 
in the 6th and 7th Editions of Bergey. Using the criteria of 
Hugh and Sakazaki (1972) for minimal number of characters for the 
identification of Vibrio species F anguillarum would be excluded 
because it does not decarboxylate lysine and is arginine 
dihydrolase positive. F anguillarum was included in the 8th 
Edition of Bergey and is refained in the 9th Edition, The species 
lacks homogeniclty with regard to biochemical and physiological 
characteristics (West 1980). Two biotypes are given in the 9th 
Edition of Bergey but although they show high relationship by DNA 
homology they differ in 23 phenotypic properties. F anguillarum 
is a commensal of many marine animals and is found in the brackish 
and coastal marine environments. It has been recognised as a 
pathogen for fish and eels, if may also be a major cause of disease 
in fish culture (Anderson and Conroy 1970; Sinderman 1970).
F anguillarum has also been associated with pathological disorders 
in oysters (Tubiash et al 1965; Tubiash 1974), eels (R^dsaether 
et a.-i 1977) and lobsters (Malloy 1978). There appears to be no 
association with infections in humans. The organism takes its 
name from anguilla (eel) and has a G + C ratio of 44-46 mol ■%, •
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2 . 9  V parahaemolyticus
Described first by Fujino et al (1951) this vibrio has come 
to be recognised as one of the commonest causes of human food 
poisoning in Japan. The vibrio has been isolated from cases 
and outbreaks of human gastroenteritis in many countries 
throughout the world, eg USA, India, Australia and Britain: 
in most cases the disease is contracted by eating seafoods 
(Fujino et al 1974). V parahaemolyticus is found in sea water 
and the marine environment throughout the world. In a survey 
of its incidence in British coastal waters the vibrio was found 
more frequently and in large numbers during the summer months when 
the sea temperature was highest (Ayres and Barrow, 1978).
The vibrio appeared to be maintained in the colder winter months 
in mud sediments and was not often found in the water column.
The pathogenicity of V parahaemolyticus appears to be related 
to the Kanagawa test (Miyamoto et al 1569.) which is positive 
with most strains isolated from cases of gastroenteritis but 
negative with most isolates from the marine environment. The 
basis of the Kanagawa test is the haemolysis of human red blood 
cells on a defined media, Wagatsuma Agar (Miyamoto et al 1969),
The correlation with toxin production has not been completely 
clarified yet. V parahaemolyticus is identified by its lack 
of growth in the absence of sodium chloride, sensitivity to 0/129, 
production of large sucrose-negative colonies on Thiosulphate 
Citrate Bile Salt Sucrose agar and negative VP reaction,
V parahaemolyticus produces both a sheathed polar flagellum and 
lateral flagella. Strains may be serotyped on the basis of 
their heat stable 0 antigens and heat labile K antigens. The
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species takes its name from the comparison of its haemolysis 
to the haemolysis shown by Pasteurella haemolytica (Fujino et al 
1951). The G + C ratio is 46 - 47 mol %.
2,10 V alginolyticus
This very common marine vibrio was previously regarded as 
a biotype of V parahaemolyticus (Sakazaki et al 1963), from which 
it is distinguished by sucrose fermentation, production of acetoin 
and growth in the presence of 10^ sodium chloride.
V alginolyticus is very common in coastal waters of temperate 
and tropical regions. It is frequently isolated from shellfish 
and occasionally from the intestinal contents of animals and 
humans. There is no evidence that V alginolyticus causes 
enteritis in man. Over recent years a number of isolated cases 
of superficial wounds, ear and burn infections, have been 
associated with V alginolyticus infection. In most of these 
cases there has been exposure to sea water, (Blake, Weaver and 
Hollis 1980). F alginolyticus produces a sheathed polar flagellum 
and lateral flagella, it produces swarming growth on moist solid 
media and this feature may be used as an identifying characteristic 
(Donovan, Lee and Furniss 1976). The vibrio is named after its
ability to digest alginic acid. The G + C ratio is 45 - 47 mol %.
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2.11 V fluvialis
This recently-described vibrio (Lee et al 1981) was first 
recorded as Group F vibrio by Furniss, Lee and Donovan (1977).
In a taxonomic study of V metschnikovii Lee, Donovan and.Furniss 
(1978) described a collection of six vibrios as phenon group F.
This species can be divided into 2 biotypes based on the production 
of gas from glucose. Biotype I (anaerogenic) has been isolated 
from humans with gastro-enteritis and there is evidence of its 
enteropathogenic role (Hug et al 1980). Biotype I has also been 
isolated from the estuarine environment. Biotype II (aerogenic) 
has rarely been isolated from man and is thought to be non-pathogenic 
for man; it has often been isolated from estuaries and rivers.
Care is needed to distinguish V fluvialis biotype I from 
V anguillarum using standard identification tests given in 
Table 4. V fluvialis is named after its association with rivers.
The G + C ratio 4 9 - 5 1  mol ^ is in the top range for the genus 
Vibrio (38 - 51%).
2.12 V vulnificus
This recently-described vibrio (Farmer 1979, Hollis et al. 
1976) was at first called L+ vibrio after their ability to ferment 
Lactose. These vibrios have been shown to produce septicaemia 
in.humans, who have eaten raw oysters and have previous liver 
damage (Blake, Weaver and Hollis 1980). Wound infections have 
also been caused by this vibrio. Little is known of the. 
environmental habitats of this vibrio. Care is needed in the
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Laboratory to distinguish this vibrio from F parahaemolyticus.
The name is taken from its ability to infect (inflict) wounds.
The 6 + C ratio is 46 - 47 mol %,■
2.13 F harveyi
Now included in the genus Vibrio this bacterium was 
previously placed in the following genera: Pseudomonas,
Photobacterium, Lucibacterium and Beneckea, Many strains show 
bioluminescence and the species name is given after E Harvey a 
pioneer in the study of bioluminescence. There is no evidence of 
pathogenicity towards man or animals for fhis species. It is
found in estuaries and sea water. The G + C ratio is 46 - 48 mol %.
2.14 F campbellii
Formerly in the genus Beneckea^ named after the American 
bacteriologist, L L Campbell. This vibrio is similar to 
F parahaemolyticus in a number of its characters but does not grow 
at 43°C. There is no evidence of pathogenicity to man or animals. 
This vibrio has been isolated from estuaries and sea water.
The G + C ratio is 46 - 48 mol %.
2.15 F natriegens
Originally placed in the genus Pseudomonas^ then transferred 
to Beneckea^ this vibrio is found in estuaries and sea water. It 
is not thought to be associated with human or animal infection. The 
vibrio is named after its sodium-requiring properties.
The G + C ratio is 46 - 47 mol %.
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2.16 F nigrapulchritudo
This vibrio, which takes its name from its black (niger)
- beauty (pulchritudo) colonial forms. It was previously 
described as a Beneckea species. Little is known of its 
occurrence in the aquatic environment and no isolates of this 
vibrio are known in Britain (Maidstone PHL records). The 6 + C 
ratio is 46 - 47 mol %.
2.17 Recently-described Vibrios
2.17.1 F mimicus
V mimicus is the name given to strains of vibrios which 
differ principally from F cholerae by lack of fermentation of sucrose 
and low DNA-relafedness (30-50%) (Davis et al 1981). The suggestion 
that sucrose-negative strains of F cholerae of the Heiberg (1935) 
biochemical Group V may be distinguished from other strains of 
V cholerae was made by Furniss, Lee and Donovan (1978). Table 5 shows 
the main phenotype characters by which the two species may be 
separated, F mimicus strains only show 30-50 % DNA-relatedness 
to F cholerae and this is not considered to be of species-level 
relationship (70% or more). Most strains were 0 serotypable 
by the method of Smith (1979). F mimicus has been isolated from 
shellfish and water as well as cases of human gastro-enteritis and 
ear infections. Brenner et al (1982) detected both cholera toxin 
by enzyme linked immunosorbent assay and toxin genes using a 
cholera toxin specific gene probe in 5 strains and detected a
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heat stable enterotoxin in 3 other strains. If the DNA homology 
studies are given taxonomic priority the creation of the new 
species seems justified but further work on their phenotype 
similarities and differences is in progress. Therefore the taxonomic 
position of ^ mimicus needs to be verified.
2.17.2 V damsela
Vibrio damsela is the name proposed by Love et al (1982) 
for a marine bacterium Isolated from human wounds, water and skin 
ulcers of damsel fish, V damsela is arginine dihydrolase positive, 
Produces gas from glucose, requires sodium chloride for growth, is 
not bioluminescent and only ferments D-glucose, D-mannose and 
maltose. V damsela is distinct from other named species of Vibrio 
by DNA-DNA hybridization. The species name is taken from the 
damsel fish. The G + C ratio is 43 mol %,
2.17.3 V hollisae
Vibrio hollisae is the name proposed by Hickman et al
(1982) for a halophilic vibrio which has been isolated from human
cases of gastro-enteritis. The vibrio will not grow on TCB5
(Thiosulphate Citrate Bile Salt agar) the selective medium used 
for isolating vibrios from faeces. It will grow on Sheep Blood 
Agar and Marine Agar (Difco Produce No. 0979). V hollisae ■ is 
distinguished from other halophilic vibrios isolated from human 
clinical specimens by its negative results with arginine 
dihydrolase, ornithine and lysine decarboxylase and limited range 
of carbohydrates fermented. No isolations have yet been recorded
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for environmental specimens and a clear relationship to human 
disease has not been established. The vibrio takes its specific 
name from Dannie G Hollis, who first recognised the vibrio as a 
separate species. The G + C ratio is 50 mol %,
2,18 The Genus Aeromonas
Organisms of this genus were often difficult to distinguish 
from members of Enterohacteriaceae and the genera Vibrio and 
Pseudomonas until suitable tests were employed (Report of the 
Enterobaçteriaceae Subcommittee 1958). The genus is now placed 
in the family vibrionaceae and distinguished by the characters shown 
in Table 4. Aeromonas species are often isolated from similar 
habitats to vibrios and there is a need to distinguish clearly 
between the two genera.
In the 8th Edition of Bergey (Schubert 1974) three species 
are proposed Aeromonas hydrophila, A punctata and A salmoniaida.
Three sub-species hydrophila, anaerogenes and proteolytica are 
given for A hydrophila, A punctata is divided into two sub-species 
punctata and caviaç. A salmonicida is divided into three sub-species 
salmonicida, achromogenes and masoucida. The main basis of the 
creation of sub-species was biochemical characters, some of which 
were difficult to reproduce and the identification of freshly- 
isolated Aeromonas strains other than A salmonicida using this 
system has been unsatisfactory (West 1980; Maidstone PHL5 
unpublished findings).
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Popoff and V^ron (1976) could not distinguish between 
A punctata and A hydrophila and they therefore suggested the 
retention of a  hydrophila with aerogenic strains placed in 
biotype hydrophila and anaerogenic types placed in biotype 
anaerogenes. A new species A sobria was proposed. The genus 
Aeromonas was included in the 1980 Approved List of Bacterial Names 
and included the species and sub-species listed in the 8th Edition 
of Bergey with no additions.
in this thesis the Aeromonas species other than 
A salmonicida will be referred to as A hydrophila. Current 
taxonomic studies are in progress at Maidstone PHL on the genus 
Aeromonas^ with a view to the production of a more satisfactory 
scheme of identification.
Bacteria identified as A hydrophila have been found as very 
common inhabitants of fresh waters and ubiquitous commensals of fish 
and amphibia (Trust et ai 1978; Hazen 1979). A hydrophila has been 
isolated from cases of human enteritis, septicaemia and superficial 
wounds (Ketover et ai 1973; Von Graevenitz and Mensch 1968; Cumberbatch 
et ai 1979). Cumberbatch et ai (1979) claimed that the human 
pathogenicity of strains isolated from faeces can be clarified by the 
linking of positive lysine decarboxylation, positive VP and the 
production of gas from glucose with positive enterotoxigenic effect 
in animal models.
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Aeromonas hydrophila is frequently Isolated from human 
faeces at Maidstone PHL using Xylose Desoxycholate Citrate Agar 
and enrichment in Alkaline Peptone Water, (Shread, Donovan and 
Lee 1981). The incidence in the faeces of people without symptoms 
of diarrhoea was found to be 1.25#, an isolation rate of 13.2# was 
found amongst people with diarrhoeal symptoms but from whom a known 
bacterial enteropathogen had been isolated. The isolation rate for 
people with diarrhoea from which no other bacterial enteropathogen 
had been isolated was 7.1#. These findings indicate the need 
for tests to evaluate the significance of human isolates of 
A hydrophila, Gracey et ai (1982) have found a seasonal peak in 
the summer months with aeromonas-associated diarrhoea, and claim to be 
able to classify correctly 97# of Aeromonas spp. with regard to 
enterotoxin production by biotyping and haemolysin assay.
2.19 Plesiomonas
These organisms were first described by Ferguson and 
Henderson (1947) as the C27 Group of the Enterohacteriaceae, The 
species epithet shigeiioides was given because of their resemblance to 
shigellae by serological cross-reaction and colonial morphology.
The generic name is taken from plesios (neighbour) monad (to Aeromonas) 
They are distinguished from vibrio and Aeromonas species by the 
characters in Table 4 and in addition they decarboxylase both lysine
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and ornithine and dihydrolase arginine; this combination of 
reactions is not found with any species within the genera Vibrio 
and Aeromonas, Many strains of Plesiomonas shigelloides are 
agglutinated by Shigella antisera, in particular shigella sonnei 
phase 1. They can be serotyped using the scheme of Shimada 
and Sakazaki (1978) on the basis of heat-stable 0 and heat-labile 
H antigens, 40 serotypes were established. Some 0 antigens were 
found to be closely-related to shigella 0 antigens.
These organisms have had a checkered taxonomic history 
being placed in the genera Pseudomonas, Aeromonas and Fergusonia,
A suggestion of a transfer to the genus Vibrio was made by Hendrie 
Shewan and Veron (1971) but this has not been generally accepted.
In the 8th Edition of Bergey, Schubert (1974) placed these organisms 
as a single species genus. The list of approved bacterial names 
1980 also placed Plesiomonas shigelloides as a single species genus.
The role of P shigelloides as a human pathogen is unclear. 
It has been implicated in diarrhoeal disease (Sakazaki et al 1971) 
and in waterborne epidemic diarrhoeal disease (Tsakamoto et al 1978). 
The organism has been isolated from the aquatic environment, 
domestic animals and pets (Aral et ai 1980). The serotype 
distribution of the strains from the environment and animals was 
similar to strains associated with human gastro-enterit is.
The G + C ratio is 51 mol %,
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Table 6 Characters that distinguish V cholerae and
y cholerae V mimicus
Sucrose (acid) +
Voges Proskauer d -
Amylase + -
Polymyxin B 50 units S/R S
Chick cell agglutination d -
Lipolysis of corn oil + -
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Table 7
Differentiation of Vibrio hollisae and Vibrio damsela from 
other halophilic Vibrio species isolated from human clinical
specimens
3Ü
Indole
Voges Proskauer
Lys i ne
Arg ini ne
Orni thine
Arabinose (acid)
Cel lob iose
Lactose
Maltose
D-Mann i toi
Sal icin
Sucrose
Nitrate reduction 
Oxidase
to •H+J 3 "MÜ >to O0 +J 3 to<u e 3) O •H •H<0 QJ M M Rto M 0 to ÆÎ■>s QJ R Cl Üto -M q ►> toS Cn M 3 +JO tJ ty 3 (DrC: 'tJ o, to H-i G
+ - + d + - d
- + - + - - +
- + + + + - d
- + - - - + +
- ~ + + + - -
+ - + - - + -
- - - - + d -
- - - - + - d
- + + + + + +
- - + + d + +
- - - + - + +
+ + + + + +
Derived from Hickman et al (1982)
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3 , 1  Pathogenicity of Vibrio cholerae
Cholera is a disease with diversified intensity ranging 
from a rapid onset of acute diarrhoea with severe dehydration and 
death within a few hours to very mild transient diarrhoea or 
symptomless infection. The disease is usually found as an 
epidemic outbreak of acute diarrhoea usually with vomiting but 
little or no abdominal pain. Large volumes of liquid stools 
are passed with massive loss of water and electrolytes leading to 
dehydration and shock, if untreated. The skin loses its turgor 
and cyanosis of fingers occurs with wrinkling ’washerwoman' fingers.
The mild cases of cholera may be clinically indistinguishable 
from the diarrhoea caused by infection with shigella, salmonella'' 
and Escherichia coli (Gangarosa and Mosley, 1974).
The name ’cholera’ is thought by Felsenfeld (1967) to be 
derived from either the Hebrew Kholira, bad pain, or from the 
Greek choléra, gutter.
In a historical review by Pollitzer (1959) there is 
evidence in early records to suggest that the disease cholera 
existed In the Indian sub-continent prior to the first recorded 
world pandemic of 1817-23.
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3.2 Cholera Pandemics
The first pandemic 1817-1823 began within a period of abnormal
weather conditions with heavy rainfall and floods followed by 
harvest failures and drought. The disease was transported through 
the trade routes from Bengal in India to Saudi Arabia, Iraq and 
Russia in the west and to Japan in the east.
The second pandemic 1829-51 involved, in addition to Asia, 
also America, North and East Africa and Europe. The United 
Kingdom was infected with large numbers of cases and deaths in 
the periods 1831-1832 and 1848-49.
The third pandemic 1852-64 appeared to be a combination 
of recrudescence of the infection in certain areas and another 
wave of Imported cases. The disease spread to Asia, Europe,
North and South America, Africa, China and Japan. Again the 
United Kingdom was infected with large numbers of cases and deaths.
The fourth pandemic 1863-79 came along new trade routes, 
the holy city of Mecca was infected, probably brought there by 
pilgrims from India travelling by sea. The disease spread from 
Saudi Arabia to Egypt and most of the Middle East. The 
Mediterranean countries were infected and then Europe with the 
United Kingdom having a smaller number of cases and deaths than 
in the previous two pandemics.
The fifth pandemic (1881-96) which began with outbreaks 
in India in 1881 was again carried to Mecca by pilgrims. The disease 
spread to Egypt and was investigated by Robert Koch and his
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associates both in Egypt and Later in India. Despite 
quarantine measures Europe was infected but it remained confined
to France, Italy and Spain during the early years. Despite several
imported cases the United Kingdom remained free of epidemics.
For the first time laboratory methods were used to establish the 
correct diagnosis and probably prevented epidemics in North America, 
but serious outbreaks occurred in South America. Cholera spread 
further through Europe in 1892 with outbreaks in Germany, giving 
Robert Koch further access to explosive outbreaks to demonstrate
the validity of the use of bacteriology and the opportunity to
study the drinking water available at the time of the outbreak.
The sixth pandemic (1899-1923) began again with large 
outbreaks in India spreading to Afghanistan and the Middle East 
also to Burma and Singapore. The pilgrimage to Mecca with 
pilgrims travelling by sea from India again brought about a large 
outbreak in Saudi Arabia. The disease spread to Egypt and to 
Russia where severe outbreaks occurred. Western Europe remained 
free of outbreaks despite several imported cases and the 
disturbances of the first World War. Outbreaks in Austria,
Russia, Turkey and Greece were probably brought about by troop 
movements during the war. No cases were reported from Europe 
after 1925.
There was evidence of cholera in 1937 in Su lavesi (Celebes) 
Indonesia but the vibrios Isolated from infected cases were found to 
differ from the classical strains of V cholerae in their haemolytic
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pattern and resembled the Ell Tor vibrios first described by 
Gottslich in 1905. The disease was described at the time by 
de Moor (1938) as paracholera. Despite a high mortality rate 
at times 50-60#, the disease did not spread from Indonesia, but 
continued to produce outbreaks confined to Indonesia over the 
next twenty years.
In 1947 there was an epidemic of cholera in Egypt of 
obscure origin (Kamal 1963). The endemic area of cholera in 
the Indian sub-continent had remained with outbreaks occurring 
at regular intervals, but no definite proof of the infection 
being transported from India was found. Strict measures were 
taken in Egypt to bring the disease to a rapid conclusion.
The conclusion of several authors (Pollitzer 1959; Kamal 
1963) was that Bengal in India was the principal endemic focus of 
cholera. During the interpandemic periods only limited spreads ' 
of cholera from Bengal were observed and the disease in the 
1950s was thought to be contained and would never again cause 
pandemics.
3.3 Seventh Cholera Pandemic
Despite the establishment of the islands around Sulawesi as 
an endemic area of paracholera (Tanamal1959) the WHO decided in 
1958 that the disease caused by El Tor vibrios was not to be 
considered cholera and therefore not subject to international 
sanitary regulations.
In 1961 the El Tor vibrios caused an outbreak in Sulawesi 
now known to be the start of the Seventh Pandemic of cholera.
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Cases of choLera-Like disease occurred in Djakarta and later
that year in Borneo reaching China and Hongkong. In 1962 
the disease spread further and the WHO convened a scientific
group to study the problem. The group recommended that the
disease was indistinguishable from cholera and that disease caused
by El Tor vibrios should be recognised as cholera. This was
approved by the World Health Assembly in April 1962.
The pandemic continued to spread to include all the states 
of the South East Asian archipelago of islands giving a total of 
13,393 cases and 1,977 deaths in 1962 (Kamal 1974). In 1963 
the pandemic spread into the mainland of the Asian Continent and 
in 1964 the first cases of cholera from which El Tor vibrios 
were isolated occurred In India (Barua et al 1964). The 
pandemic spread rapidly through India in 1964 reaching West 
Pakistan in 1965 and later Afghanistan and Iran. In 1966 Russia 
and Iraq became infected but then appeared to be temporarily 
halted but disease continued to cause outbreaks in Asia.
In the Indian sub-continent classical biotypes of V cholerae 
continued to cause disease often being isolated in addition to 
el tor biotype of V cholerae during investigations of outbreaks.
During 1970 cholera broke out in 24 new countries in Asia, 
Africa and Europe and continued to spread throughout 1971 moving 
into central Africa and Spain and Portugal. There were 
imported cases reported from the United Kingdom, Germany, Japan, 
France and Sweden. Large outbreaks occurred in Indonesia and 
in India. The latter, influenced by the Pakistan military moves
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in Bangladesh (formerly East Pakistan) was a mixed outbreak from 
which both classical and eltor biotypes of V cholerae 
were isolated..
The pandemic then began to level off in 1970s although 
the number of additional countries infected In 1978 increased but 
Africa remains an endemic area. The pandemic continues up to 
the present time with the continuing concern that cholera could 
still reach Southern and Central America which are free at the 
present time but are considered to be 'receptive' (WHO 1980).
The eltor biotype of V cholerae has rapidly replaced the 
classical biotype and only isolated cases caused by the classical 
biotype occur in India and Bangladesh at the present time.
3.4 New cholera areas
In 1978 at least 11 sporadic cases of cholera caused by 
V cholerae biotype eltor occurred in Louisiana, USA. These 
cases had no epidemiological links with the seventh pandemic 
occurring in Africa and Asia; The strains could be distinguished 
from the pandemic strains by phage-typing and tests for haemolysin 
production (Blake et al 1980). The source of the infection in 
Louisiana appears to have been undercooked crabs, which were 
eaten by all of the infected patients. This incident, along with 
two infections by V cholerae eltor in Australia (Anonymous 1980), an
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unexplained case in Alamaba, USA in 1977 and another in France 
in 1970 shed doubt on the traditional theories of the transmission 
of cholera by water and food infected by clinical cases or 
carriers, these incidents occurring in areas free of 
clinical cases and with no evidence of imported cases.
This poses the question that V cholerae may adapt to aquatic 
environment and may give rise to infection (Anon 1980). This 
seems to be a more tenable explanation than that advanced by Rondle 
et al. (1978) of the spread of cholera from aircraft dropping 
waste water contaminated with V cholerae.
3.5 Non-01 V cholerae
The suggestion that lack of agglutination with V cholerae 
01 antiserum did not exclude a vibrio from causing cholerae-like 
disease was made by Dorenbos in 1937. Pollitzer (1959) stated 
that the cholera syndrome in all its manifestations is not 
specific for infection with V cholerae 01. It was a commonly- 
held view by clinicians in India that cholera and cholera-like 
clinical disease was not always caused by V cholerae 01 
(A L Furniss, personal communication).
In 1954 Yajnik and Prasad isolated vibrios that they 
described as water vibrios from an outbreak of diarrhoeal disease 
at Kumbh Fair, Allahabad, India. In 1965 Lindenbaum et al 
reported on 33 clinical cholera cases in Dacca, Bangladesh, from
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which y cholerae 01 was isolated from 14 cases, Non-01 V cholerae 
from 4 and no pathogens from 15, They were unable to 
differentiate the cases into different categories based on 
clinical grounds. McIntyre et al (1965) and McIntyre and Feeley 
(1965) investigated the clinical severity and non-01 V cholerae 
isolates from 82 cases of diarrhoea in East Pakistan, They 
described a variation in clinical severity, some resembling 
true cholera and in some cases which were thoroughly studied, patients 
showed a rise in agglutinating antibodies to their homologous isolate. 
Three of the vibrio cultures showed Large accumulation of 
fluid when injected into infant rabbits.
In 1965 Smith and Goodner reported on their studies 
of vibrios other than V cholerae 01. They had accumulated 239 
isolates from cases of diarrhoea and a further 1,187 isolates 
from environmental sources and the faeces of people without 
known diarrhoeal disease. Their studies showed that the collection 
of vibrios had little biochemical and immunological uniformity.
The criteria used in this study would have allowed the inclusion 
of vibrios other than V cholerae and Aeromonas species.
In 1965 an outbreak of acute gastroenteritis occurred in 
a group of young men at an automobile training centre in 
Czechoslovakia (Aldova et al 1968). The symptoms resembled 
staphylococcal food poisoning and a total of 56 cases occurred in a
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single day. Six cases required hospital treatment, there were 
no fatalities and all afflicted patients had recovered by the 
5th day. Non-01 V cholerae was isolated from 45 men, the strains 
appeared identical on biochemical and serological tests. There 
were no secondary infections and epidemiological evidence pointed 
toward ’French’ potatoes as the source of this food-borne outbreak.
In 1968 in Sudan a tube well sunk for irrigation purposes at 
Idd El Tin was allowed to overflow in an attempt to reduce its 
high salinity, alkalinity and sulphate levels. The water formed 
a pool and attracted a large gathering of people as it was thought' 
in such arid country to be 'holy water'. Estimates of the number 
of'pilgrims' are in the range of 30,000 at the peak (Kamaland Zinnaka 1971) 
A large outbreak of gastroenteritis occurred with at least 544 
cases and 31 deaths. The disease was thought at first to be cholera 
based on both clinical and bacteriological data. When the vibrios 
isolated from cases were examined by a WHO delegation they were 
identified as Heiberg I NAG vibrio (non-01 V cholerae), The vibrio 
was isolated both from cases, at post mortem and in large numbers 
from the pool of water. The source of this large water-borne 
vibrio outbreak was not conclusively determined, it was thought to 
be due to faecal contamination of the water by human excreta and 
then rapid growth of the vibrios in brackish alkaline water.
The pool of water at Idd El Tin was the only water available to the 
pilgrims for use at that time.
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Zafari et al (1973) reported on diarrhoea caused by non-01
V cholerae in pilgrims returning to Iran after pilgrimage to Mecca 
in Saudi Arabia. He isolated 160 strains, 32 from cases 
indistinguishable from cholera, 96 from cases of mild - severe 
diarrhoea and 64 from symptomless people. BSck, Ljunggren and 
Smith (1974) found 19 isolates of V cholerae^ Smith serotypes
12, 17, 25, 27 and 46 in Swedish holiday-makers returning from 
Tunisia with diarrhoeal disease. In addition, 4 indigenous cases 
of infection with Smith serotypes 166 (cholera-like), 107 (ear 
infection), 22 (wound infection), 146 (mild diarrhoea) were found 
in the summer months associated with bathing in the brackish Baltic 
Sea. Fearrington et al (1974) found non-01 V cholerae 
in a case of septicaemia and meningoencephalitis.
Dakin et al (1974) investigated a food poisoning outbreak that 
occurred during a London to Sydney flight and isolated V cholerae 
Sakazaki serotypes 07 and 039 from 10 of the 12 passengers examined. 
Both serotypes were isolated from 6 passengers, only serotype 07 from 
1 passenger and only serotype 039 from 3 passengers.
Nacescu and Ciufecu (1978) examined a number of strains of
V cholerae isolated in Romania from cases of gastroenteritis.
V cholerae Sakazaki serotype 05 was isolated from 9 out of 11 
patients thought to have water-borne infection. They found cases
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of diarrhoea caused by V cholerae occurred during the warmer months 
of the year. Szita et al (1979) found ^ cAoierae present in the 
environment in Hungary but it was rarely isolated from cases of 
diarrhoea who had no recent travel history outside Hungary (0.04#).
Hughes et al (1978) in a review of non-01 V cholerae 
infections in USA found that the numbers of these organisms 
referred to the Center for Disease Control at Atlanta have increased 
dramatically since 1972. 13 isolates from faeces were received
between 1972-75^all were isolated from patients with diarrhoea, 
six patients had received intravenous fluid and no other enteric pathogens 
were isolated from this group. Eight patients had recent history 
of foreign travel and of these six had sea food while abroad. Five 
patients had not travelled abroad recently but two had histories of 
recent consumption of sea food. Thirteen isolates of non-01 
V cholerae from specimens other than faeces were received during 
this period. The sources of these specimens were bile (2) 
peritoneal fluid (1), appendix (1), wounds (2), ear (2), sputum (2) 
blood (20, CSF (1). There appeared to be an association with the 
patient's place of residence, in that eight of the nine patients who 
had non-01 V cholerae isolated from wounds, ears, sputum, CSF and 
blood lived in coastal states. There were four deaths in the 
second group but there was evidence of underlying disease in these 
patients. There was doubt as to the pathogenic role in most of
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the other patients as in most cases other potentially pathogenic 
bacteria were present.
Smith (1979) reporting on his revised system of serotyping 
V cholerae listed cultures in addition to those isolated from cases of 
diarrhoea but gave little information on sites. He did not find 
any relationship between serotype and association with human 
disease.
Spira et al{]979) investigated the relationship between the 
clinical features of patients from whom non-01 V cholerae had been 
isolated and the Laboratory biological activities of the vibrios.
After identification vibrios were tested for production of diarrhoea 
in infant rabbits, lethality for adult mice, ability to produce 
fluid accumulation in the ileal loop of rabbits, skin permeability, 
induction of fluid accumulation in suckling mice and morphological 
changes in Cheese Hamster ovary and adrenal cell lines.
A spectrum of biological activity was observed and fell into four 
basic patterns as given in Table 8,
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Table 8 Biolodical Activity-of Non-01 V cholerae
infant : I leal Loop Skin CHO/Adrenal Infant
Rabbit Culture Filtrate Permeability Cells Mouse
Cholera
Toxin-like +
Heat stable 
Toxin-1 ike
Enteritis V
1nact i ve
blueing
Haemorrhagic 
lesion V
Key; + = positive test
negative test 
V = some strains positive, other variable
Spira et ad(1979 )
The 'Enteritis' group was further divided into four 
subgroups:-
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Table 9 Subgroups of 'Enteritis' Group
Subgroup Infant ileal Loop Rabbit Skin
Rabbit Whole Culture Haemorrhagic Lesion
1 +  +  —
2 + + +
3 - +
4 +  —  —
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The majority of strains in the ’Enteritis' group gave 
subgroup 1 reactions.
There was a correlation between the toxigenic (cholera­
like toxin) isolates and the clinical features of patients from whom 
these strains had been isolated. These patients had high weight 
loss, longer duration and volume of diarrhoea compared with patients 
who had non-toxigenic strains of non-01 ^ cholerae isolated.
The cholera-like toxin effect was neutralizable with
V cholerae antitoxin. A primary investigation of adherence 
factors was made with both rabbit brush border and haemagglutination 
of human 0 red cells using human isolates of Non-01 V cholerae 
compared with V parahaemolyticus, V fluvialis and Aeromonas hydrophila. 
The haemagglutination results were similar for all organisms
tested but the brush border assay results showed much higher numbers 
of adhering Non-01 V cholerae and Aeromonas hydrophila compared with
V parahaemolyticus and V fluvialis, There appeared to be a correlation 
between high brush border adherence in Non-01 V cholerae strains and the 
clinical disease they produced as evaluated by stool output. Strains 
producing cholera-like toxin also had high brush border adherence.
The biological activity was also used to classify additional 
isolates of Non-01 V cholerae referred to the authors by other groups 
of workers, these included environmental isolates. The results are 
given in Table 10.
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Table 10
Biological Activity and Source of Non-01 V cholerae isolates
Act ivity Source
D i arrhoeal 
Patients
Non-Diarrhoeal 
1llness
Environmental
Cholera-like Toxin 17 2 2
ST-1 ike Toxin 0 0 2
"Enteritis" 49 6 18
1nact i ve 6 0 8
SpIra et al, 1979
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The authors concluded that different patterns of biological 
activity may be a means of characterizing Non-01 7 cholerae 
strains with respect to pathogenic potential.
Yamamoto et al (1982) found that the enterotoxins of 
a classical biovar of V cholerae 01 and a non-01 V cholerae 
isolated from fresh water in Louisiana, USA, were immunologically 
identical using an Ouchterlony (1948) gel diffusion test.
Blake, Weaver and Hollis (1980) reviewed the diseases 
other than cholera caused by vibrios. With regard to non-01 
V cholerae they reviewed the evidence to support at least two 
disease syndromes, one the association with outbreaks in 
Czechoslovakia (Aldova et al  ^ 1968) and Australia (Dakin et al 1974) 
and the other of sporadic cases of diarrhoeal illness often 
requiring intravenous fluid therapy.
In 1980 a World Health Organization Working Group reporting 
on cholera and other vibrio-associated diarrhoeas thought that 
despite lack of information on the frequency of infections with 
non-01 y cholerae there was no evidence of large epidemics and 
pandemics like those caused by V cholerae 01. They noted that 
transmission is probably exclusively by contaminated food and water.
Morris et al (1981) reported on Non-0 Group 1 V cholerae 
gastroenteritis in the USA. They studied fourteen sporadic
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cases submitted to the CDC, Atlanta, in 1979. All patients 
had diarrhoea, most had abdominal cramps and fever. Five
patients had recent travel history outside the USA. All
nine domestically-acquired cases were in patients who had 
eaten raw oyster within 72 hours of the onset of illness.
Wilson et al (1980) reported a cluster of five cases of
Non-01 V cholerae gastroenteritis in Florida, USA. All patients
had eaten raw oysters within four days of the onset of illness.
The serotypes of the V cholerae strains isolated from the 
patients were all different. Non-01 V cholerae were isolated 
from water specimens and oysters taken from the sites from 
which the patients obtained their oysters. In only one case 
was the same serotype (V cholerae Smith type 17) isolated from 
the patient specimen and water from where the patient had 
obtained oysters.
In summary the clinical effect of disease caused by 
V cholerae 01 may be indistinguishable from that caused by non-01 
strains. V cholerae 01 strains usually follow an epidemic 
pattern but recent incidents in both the USA and Australia 
indicate this is not an exclusive pattern. Non-01 V cholerae 
infections occasionally produce a Limited outbreak but the majority
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of infections appear to be sporadic, often associated with 
foreign travel (traveller's diarrhoea) and seafood consumption. 
Non-01 V choleras infections of sites other than the gastro­
intestinal tract, appear to be associated with the compromised 
host, also the use of brackish water for recreational 
activities: the true incidence of non-01 V cholerae infections
may be underestimated due to difficulties in correct laboratory 
identification and the fact that they may be considered non­
pathogen ic by some workers.
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4 Toxin Production bv V cholerae
Robert Koch considered cholera to be a disease caused by 
toxins excreted by V cholerae (1884). The results of experimental 
work by other workers, Nicati and Rietsch (188 6) did not 
conclusively support this view. Cantani (1886) working with 
dogs as experimental animals was able to demonstrate 
intoxication in the animals after intraperitoneal injections of 
cultures treated in a variety of ways. He ascribed the toxic 
effect to an endotoxin. Other workers agreed with Cantani's 
assumption (Pfeiffer 1892). Later workers maintained that the 
action of V cholerae was due to a soluble exotoxin (Kolle and 
Schürmann 1912). Several workers attempted to purify and 
chemically define the cholera toxin (Burrows 1951). De and 
Chatterjee 1953) showed that the injection of cholera vibrios into 
the isolated segments of rabbit ileum led to an outpouring.of 
fluid which distended the loop. Other workers showed that this 
effect could be produced by cell-free culture filtrates of 
cholera vibrios. A variety of toxic activities were demonstrated 
using extracts, lysates, supernatants,and filtrates of cultures 
of cholera vibrios by Burrows (1965). Burrows (1968) 
differentiated cholera toxins into 3 groups/types;
1. Endotoxin
2 Heat-labile exotoxin
3 Heat-stable exotoxin
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The endotoxin was thought to be associated with outer membrane 
LipopoLysaccharide. The heat-labile exotoxin was thought to be 
demonstrated by the positive ileal loop test and thought to be an 
enterotoxin. The heat-stable exotoxin showed strain to strain 
variation and its production was very dependent on cultural conditions. 
Cholera enterotoxin was first purified by FInkelstein and 
Lo Spolluto in 1969 and was followed by a period of intensive research 
in many laboratories to elucidate the mode of action of cholera 
enterotoxin. Van Heyningen (1976) reported that the toxin molecule 
is a protein with no carbohydrate or lipid. It was an aggregate of 
subunits, each molecule containing one subunit A of molecular weight 
27,000 and probably four B subunits of molecular weight 14,000 each. 
Experiments with radio-labelled toxin showed that the B subunits bind 
to gangliosides in cell membranes of intestinal tissue cells.
Subunit A, if Isolated from the B subunits, does not bind to gangliosides.
Subunit A is needed to produce the toxic effect, after subunits B have
bound to cell membranes. Subunit A activates the adenylate cyclase 
in the tissue cells which forms with (ATP) adenylate triphosphate 
(cyclic AMP) adenosine mono-phosphate. With raised cyclic AMP 
levels in tissue cells this stimulates the hypersecretion of
electrolytes and water from the intestine,
Arbuthnot (1978) in a review paper reported that further 
studies of the cholera enterotoxin revealed that the A 
subunit consists of two disulphide
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Linked peptides designated Ai and A2 and that the B units 
consisted of six subunits. He suggested that the cholera 
enterotoxin may have a Y-shaped structure. He concluded by 
summarizing the action of cholera enterotoxin as follows;-
1 Toxin molecule consists of two regions A and B
2 Toxin binds to monosialosyl ganglioside Gmi receptor 
in cell membrane through the B region,
3 A region (probably Ai)penetrates the plasma membrane 
and activates adenylate cyclase.
4 Increased levels of cyclic AMP lead to hypersecretion of 
electrolytes and water.
A variety of strains of both classical and eltor biotypes, also 
Inaba, Ogawa and Hikojima serotypes of vibrio cholerae 01 have been 
found to produce cholera enterotoxin (Burrows and Kaur, 1974)
In addition some non-01 v cholerae strains have been found to 
produce an enterotoxin similar to, If not identical with, 
cholera enterotoxin (Zinnaka et al 1972, 1974, 1973). The 
differences observed in toxigenicity appear to be quantitative 
rather than qualitative.
Spira et al (1979) examined a number of non-01 V cholerae 
cultures isolated from human cases of diarrhoea and environmental 
sources. Their results revealed several virulence characters 
and patterns of potential clinical importance. They found 24^ 
of their isolates from patients with diarrhoea produced a cholera­
like enterotoxin but only 2% of environmental isolates did so.
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5 V cholerae Bacteriophages and Vibriocins
5.1 Cholera Bacteriophages
Early workers (d'Herelle 1922 and 1923) found 
bacteriophages active against V cholerae in the stools of patients 
with cholera 3 - 4  days after the onset of the disease. Studies 
were undertaken by Asheshov et ai (1933) to study and characterise 
cholera bacteriophages. They described five phages and designated
them A, B, C, D and E. Cholera phage A was described as a
quick acting phage, active against most strains of smooth cultures 
of V cholerae ; rough cultures of V cholerae and vibrios which were 
not agglutinated by V cholerae anti serum were not lysed by this phage. 
White 1936A) found that cholera phage A lysed smooth cultures of both 
classical and eltor strains of V cholerae and thought that this may 
be of diagnostic help In the laboratory. Various workers studied 
the effects of the action of cholera phages on cultures of V cholerae 
and claims were made of changes of morphology, agglutination, 
carbohydrate fermentation (Morison 1935), cholera-red reaction 
Bernard, Raynal and Liang 1933) and haemolysis of goat red cells 
(Doorenbos 1932) of cultures exposed to cholera phages. Some of 
these changes were demonstrated with unstable variants ([bo renbos 
1932),changes in agglutination were thought to be due to the 
existence of mixed cultures' of vibrios used in these experiments 
and in some cases a selection of rough non-agglutinable mutants from
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a predominantly smooth culture of an agglutinable strain of 
V cholerae (Pollitzer 1959).
Early attempts were made by d’Herelle et al (1930) and 
Morison and Vardon (1929) to use cholera bacteriophages in the 
treatment of cholera. Claims were made of lower mortalty rates 
in cholera cases treated with cholera phages but this early 
optimism was not shared by other workers who obtained 
disappointing results (Pollitzer 1959). Pollitzer (1959) described 
other forms of cholera treatment and concluded that both the 
prophylactic and curative value of bacteriophage treatment was a 
very doubtful entity and suggested that there was no need for 
further studies in these fields.
Russian workers (Pastukov 1959: Sayamov 1963) revived
interest in the clinical use of cholera bacteriophage in Bangladesh 
and Afghanistan by claiming beneficial results in cholera outbreaks, 
Monsur and Marchuk (1974) thought these results were only of 
minimal efficiency when compared with other forms of modern 
treatment such as oral and intravenous fluid therapy, but thought 
that the speed and specificity of phage treatment still has 
possibilities as a research tool in treatment.
5.2 Phage Typing of V cholerae Qj
A bacteriophage typing scheme for V cholerae biotype 
classical was developed at Calcutta, India, and applied to
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epidemiological investigations (Mukerjee, Guha and Guha Roy 1957; 
Mukerjee 1967, 1978). Five principal phage types based on their 
pattern of sensitivity to four groups of cholera bacteriophages 
were recognised. This scheme was found to yield useful 
epidemiological information during the last few years when the 
classical biotype still predominated in the Indian subcontinent 
1955-1963, (Mukerjee and Takeya 1974). Nicolle, Gal lut and Le Minor 
(1960) also described a phage typing scheme for V cholerae but this 
received little application to fresh isolates and therefore its 
epidemiological value was not properly assessed.
With the emergence of the eltor biotype of V cholerae 
01 in the seventh cholera pandemic, schemes for phage typing of 
the eltor biotype were described by Nicolle, Gallut and LeMinor 
(1960), Gallut and Nicolle (1963), Newman and Eisenstark (1964) 
and Mukerjee (1965). Mukerjee (1965) who used five groups of 
phages and obtained nine different types or patterns had to modify 
the scheme as his El Tor phage 5 changed and had to be replaced by 
a different phage. The new modified scheme (Basu and Mukerjee 
1968) recognised six phage types using five phage groups. The 
group 5 phage of Basu and Mukerjee (1968) lysed all strains of 
V cholerae biotype eltor and not classical biotypes and has been 
used with Mukerjee's (Mukerjee, Guha and Guha Roy 1957) classical 
phage IV which lyses all classical biotypes and not eltor biotypes, 
as a means of biotyping strains of V cholerae 01 (Furniss, Lee and 
Donovan 1978).
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The ELTor phage typing scheme of Basu and Mukerjee 
(1968) was not adequately evaluated due to the ill health of 
Mukerjee. Control cultures and phages were not deposited in 
any culture collection and phage 3 became contaminated (Lee 
and Furniss 1976). Trials at Maidstone (Lee and Furniss 1976,
1981) of the Basu and Mukerjee (1968) scheme were unsatisfactory 
as the method lacked discrimination with only four types 
detected and the majority of cultures fell into two types. Lee and
Furniss (1976, 1981) screened a large number of different 
phages and selected 14 for use in scheme for phage typing strains
of V cholerae  ^ they included the phages of Mukerjee, Guha and Guha
Roy (1957) which were active on classical strains. The scheme has 
been shown to be of value in distinguishing phage sensitivity 
patterns of V cholerae 01 with 20 different types identified, and 
useful epidemiological information has emerged. Environmental 
non-toxigenic isolates of V cholerae 01 can be differentiated from 
potentially pathogenic strains of V cholerae 01 by their resistance 
to phages 13, 14, 16 and 24 compared with sensitivity to at least 
one of these phages by the pandemic strains of V cholerae 01 
(Lee and Furniss 1981).
5.3 Phaae Typing of Non-01 V cholerae
Attempts were made by Si I et al (1974) to develop a
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schenne for phage-fyptng these vibrios. Unfortunately some of 
the phages and strains were lost and the scheme no longer exists.
Lee and Furniss(1976) Furniss Lee and Donovan (1978) have used their 
scheme for attempts to phage type some strains of non-01 V cholerae 
and found some strains are sensitive to ElTor phages and would 
type as ElTor type 4. However, only 15^ of strains were sensitive 
to the phages used and the method is of very limited value in 
distinguishing non-01 strains of V cholerae,
5.4 Vibriocins
Several workers have studied the production of 
vibriocins (Wahba 1965; Farkas-Himsley and Seyfried 1962) 
and defined laboratory conditions under which vibriocins may be 
detected. Other workers,(Nicolle et al 1962 and Barua 1963) 
failed to demonstrate vibriocins. Chakrabarty et ai(1 9 7 0 , 1971) 
described vibriocins typing systems for both 01 and Non-01 strains 
of V cholerae , They regarded the types as a stable, useful tool 
for epidemiological purposes independent of serotype, phage and 
biotype. This typing scheme has not been used successfully by other 
workers (Brandis 1978). Furniss Lee and Donovan (1978) found problems 
of reproducibility and interpretation of results which were 
associated with non-specific inhibition of the shigella sonnei 
and Shigella flexneri indicator strains by the production of ammonia
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and consequent rise In pH of the medium, using the method of 
Chakrabarty et al (1971). They, however, thought that vibriocin 
typing might still hold considerable promise.
Brandis (1978) in reviewing the subject thought that 
vibriocins were a class of bacteriocins which resemble the tail 
portions of V cAoierae bacteriophage. He thought that there were 
several vibriocins with different host ranges and that vibriocins 
were difficult to detect and that a standardised method for routine 
typing was lacking.
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6 Ecology
Prior to the seventh cholera pandemic, it was generally 
accepted by epidemiologists that the pollution of water with 
faecal matter from cholera cases was a very significant factor in 
the spread of the disease (Pollitzer 1959). The evidence 
supporting the original views of John Snow in 1854 that contaminated 
water played a major role in the spread of cholera and that a supply 
of safe drinking water was of cardinal importance in the prevention 
of cholera was reviewed by Pollitzer (1959). Contamination of other 
sources of water, eg river, spring and sea water, the use of 'night 
soil' as a crude form of fertilizer for the production of salad 
crops and also uncooked shellfish and other fish were noted as 
contributory factors in the spread of cholera.
The seventh cholera pandemic promoted further interest 
in the study of the survival of v cholerae in the environment 
(Felsenfeld 1974). Most of the previous information had been based 
on studies of the classical biotype of V cholerae 01. The eltor 
biotype which was the causative agent of the pandemic had not been 
previously studied in depth. Basu et al (1966) in similar survival 
studies found that in mixed cultures of eltor and classical biotypes 
the classical biotype was inhibited. A longer survival of eltor 
compared with classical biotypes was found by Felsenfeld (1965),
Neogy (1965) and Pesigan et al (1967). However a study by 
Sayamov and Zaidenov (1978) did not find a difference in
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survival times between the two biotypes. In a recent review 
Feachem, Miller and Drasar (1981) did not think there was 
sufficient evidence to support the widely-held view that 
V cholerae 01 eltor survives for considerably longer periods 
than the classical biotype. They also thought that the greater 
"endemic tendency" of the eltor biotype cannot make use of putative 
differences in environmental persistence between the two biotypes 
at the present time, for the survival of the eltor biotype in 
water showed considerable variation from 51 days in deep well 
water to 4 days In surface water exposed to sunlight (Felsenfeld 
1974). These studies drew attention to the many variables in 
survival experiments in water of V cholerae. The principal 
factors affecting survival time were thought to be:-
1 Strain or culture used
2 Inoculum size
3 Presence of nutrients
4 Oxygen availability
5 Temperature
6 pH
7 Osmolarity
8 UV light
9 Water flow
10 Presence of additives, eg free chlorine.
Water was considered for a time to allow only the survival of V cholerae 
without multiplication and to require continuous recontamination from 
the faecal matter of human cholera cases to remain infective for a
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Long period. The survival of V cholerae outside the human 
intestine was thought to be short and no evidence of animal 
vector had been found (Felsenfeld 1974).
Non-01 V cholerae strains were often isolated from 
water in cholera endemic areas (Pollitzer 1959). Smith and 
Goodner (1965) reported on the examination of a large number of 
vibrios isolated from water in both cholera endemic areas and in 
the USA. Unfortunately it is not possible to be clear if they 
were V cholerae as their criteria for identification was not 
valid for species differentiation.
Since the publications of Sakazaki, Gomes and Sebald (1967) 
and Hugh and Sakazaki (1972) which clarified the taxonomic position 
of the so-called 'non-cholera vibrios' there have been several 
reports of V cholerae isolated from natural waters in temperate 
zones. Ko et al (1973) isolated 'NAG' vibrios that were 
probably non-01 V cholerae from water in Germany. Other reports 
of the isolation of non-01 V cholerae from natural waters have 
been made in Eastern Europe (Aldové and Lazni^kova 1975), Greece 
(Papadakis et al 1975), USA (Colwell, Kaper and Joseph 1977)
Romania (Nacescu and Ciufecu 1978) England (Bashford et al 1979), 
Germany (Juras et al 1979), USA (Kaper et al 1979), Hungary 
(Szita et al 1979) and England (West 1980; West and Lee 1982;
Lee et al 1982).
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Strains of V cholerae 01 have also been isolated In 
England (Bashford et ai 1979) and USA (Colwell et al 1980;
Blake et ai 1980). Both Colwell et ai (1977) and West (1980) have 
offered evidence to support the existence of V cholerae as an 
indigenous bacterial species in brackish water.
West (1980) demonstrated that V cholerae can survive and 
multiply outside the human intestine in natural waters by the use 
of inoculated submersible membrane dialysis chambers in a drainage 
ditch in Kent, England. Bashford et ai (1979) and West (1980) 
showed that the presence of V cholerae in brackish water was not- 
associated with sewage input into the water.
There appeared to be a distinct seasonal incidence of
V cholerae in natural waters in Kent with the highest frequency occurring 
during the warmer summer months (Lee et ai 1982). Seasonality was also 
suggested by other workers, Muller (1977, 1978) and Juras et ai (1979),
Lee et ai (1982) demonstrated that the incidence of
V cholerae in water is related to the ionic content of the water, 
strains occur regularly in static brackish water with Na^ 
concentrations of the range 25 - 200 mmol/l. They found no 
correlation between the ^ coli count and the presence of V cholerae 
nor any evidence for the introduction of v cholerae into rivers from 
sewage effluent.
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Animals were not thought to play a significant role in 
the maintenance of Vibrio cholerae in the environment (Pollitzer 
1959), Sanyal et al (1974) drew attention to the role of domestic 
animals in maintaining V cholerae in the community in cholera- 
endemic areas. They isolated both V cholerae 01 and Non-01
V cholerae from household cows, goats, dogs and chickens in India.
V cholerae 01 was only found during human cholera outbreaks but Non-01
V cholerae was isolated in the absence of human cases. The very 
close contact between domestic animals and people in village 
communities in India needs to be considered when Interpreting the 
significance of these findings,
Bisgaard and Kristensen (1975), Bisgaard, Sakazaki and 
Shimada (1978) isolated non-01 V cholerae from farm ducks in Denmark. 
The ducks became infected when they were admitted to open fields.
Other farm animals were considered an unlikely source of
V cholerae by Lee et al (1982) who had Information from Wye Veterinary 
Investigation Centre, Kent; they could not isolate V cholerae from 
faecal specimens from 225 cattle, 110 sheep, 138 pigs, 43 birds and
69 other animals. Most of these animals had diarrhoea.
West (1980), Lee et al (1982) examined birds and mammals 
for V cholerae and were able to isolate non-01 V cholerae from 6% of 
cloacal swabs taken from blackheaded, greater black-backed and 
herring gulls. No isolations of V cholerae were made from 
jackdaws, rooks, sanderLings, turnstones or sheep faeces.
It was suggested that aquatic birds may be
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vectors of V cholerae.
The earlier-held view that ^ cholerae survived in 
water only by repeated contamination of water by faeces, vomit 
or sewage from human cases or carriers has now been challenged. 
It has been shown that in the absence of both clinical cases and 
faecal contamination brackish water may not only allow 
V cholerae to survive but also multiply when favourable 
conditions allow.
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7 Cellular Morphology
For many years the morphology of V was based only
on observation under the light microscope. V cAgiecee was 
found to be a curved rod (comma-shaped) of 1.5 ^ 2# long and 
0.3 - 0,6 \i in width (Gallut 1974). Park and Jangi ( 1976) used 
the trivial name 'vibrio' for curved rod-shaped bacteria of 
several genera. This slight somatic curvature was thought to be 
an over-emphasised and unreliable characteristic which has 
limited taxonomic significant (Leifson 1960; Furniss, Lee and 
Donovan 1978). V cholerae was observed to produce pleomorphic 
forms under different growth conditions. V cholerae was observed 
to be actively motile and have a single polar flagellum by 
flagella staining.
The use of electron microscopy has greatly added to our 
knowledge of V cholerae cellular morphology. Studies of the cell 
structure by Gallut and Giuntini (1961 ) demonstrated the 
existence of two principal regions in the cell, the cytoplasm 
and the cell wall. The cell wall is encased by an outer cell 
membrane. Haidar and Chatterjee (1962) found evidence for an 
external layer of lipoprotein and Rowles, Parton And Jeyes (1976) 
detected a thin peptidoglycan layer... Complex-cytoplasmic. 
membranes were demonstrated near the poles of the cells.
Tweedy, Park and Hodgkiss (1968) demonstrated pili (fimbriae)
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In both y cholerae 01 biotype eltor and a culture now known to 
be V cholerae 04, Bhaskaran, Dyer and Rogers (1969) found pili 
that resrhbled sex pili in strains of V cholerae known to conjugate.
The main area of interest with cell morphology of 
Vibrio cholerae has been the complex flagellum. Glauert, Kerridge 
and Horne (1963) demonstrated a polar sheathed flagellum in 
Vibrio metschnikovii, The sheath had the same layered structure 
of the cell wall and appeared as a continuation of the cell 
wall. They demonstrated a basal disc or complex inside the 
plasma membrane. Follet and Gordon (1963) were able to 
demonstrate the same sheathed flagellum with a culture of 
Vibrio cholerae biotype eltor. They clearly demonstrated both 
the flagellum core and sheath. The sheath was found to lyse in 
the presence of urea and weak acid whereas the core was 
relatively resistant. The core was shown to protrude out of 
the sheath in some preparations. The presence of terminal 
flagellar knobs was demonstrated by Rowles, Parton and Jeyes (1976) 
in a culture of V cholerae. The possible antigenicity and chemical 
nature of the flagellar components is considered in the section on 
Flagellar antigens.
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8 Vibrio cholerae Subtvoes inaba and Qaawa
The possibility of variation of antigenic content within 
the group of vibrios which were agglutinated by cholera immune 
serum was first discussed by Kolle and Gotschlich (1903)..
In 1913 Kabeshima suggested that there might be serologically 
different vibrios that were the causative organisms of cholera.
One he called the "original" type, the other he called "varied" 
type. He was able to establish a change in serotype by growing 
the organisms in the presence of homologous antisera, Nobechi 
in 1923 found a middle type and postulated the following antigenic 
formulae:-
Original (Inaba) A X
Middle (Hikojima) = A (B) ><
Varied (Ogawa) = B (^)
Nobechi thought these types of vibrio cholerae were merely antigenic 
modifications and did not differ from each other in morphological, 
cultural or biological characters. ' The Middle or Hikojima type was 
thought to be an unstable type in the transmutation between the two 
main types. Aoki and Oshiro (1934) also subscribed to this view 
but they attributed the differences between the types to both 
thermostable and thermolabile antigens. In 1933 deviating from 
his. previous report Nobechi gave the formulae for the three types 
as follows;-
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Inaba = A X
Hikojima = A B )<
Ogawa = B C )<
In 1934 White confirmed the formula previously given by Nobechi 
in 1923. in 1935 Heiberg, examining both the biochemical and 
serological characters of v cholerae and cholera-like vibrios 
was only able to distinguish two types within V cholerae 
but was able to-distinguish between thermostable and thermolab lie 
antigens. Gardner and Venkatraman in 1935 were in the main able 
to confirm Nobechi's conclusion (1933) that V cholerae could be 
divided into three types or "tribes" on the basis of different 
antigenic formulae of their heat-stable somatic antigens.
Burrows et al (1946) reported on an additional new serological 
subtype of V cholerae during their study of both cholera and 
cholera-like vibrios - this type they designated A; their other 
types AB: AC and ABC were characteristic of the Ogawa, Inaba and
Hikojima types previously described. Gallut in 1949 confirmed 
Burrows' finding using both classical cholera and eltor strains, 
in addition he described other antigenic factors, D, E, F, Cr, H, 
I, J, K, L, M and recommended the use of V cAolerae cultures 
containing only the A antigen for the production of V cholerae 
antisera for the identification of V cholerae . Kauffman in 1950
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was unable to confirm the work of Burrows and Gallut with regard 
to antigens designated D-M, Kauffman was able to confirm the 
presence of the 0 antigenic factors A, B and C but suggested the 
division of V cholerae into only twossubtypes, inaba (AC) and 
Ogawa-Hikojima ,AB (C). He suggested that Ogawa and Hikojima 
strains differed only quantitatively with regard to the C 
antigen and so should be considered variant of the same 0 type.
He was unable to detect cultures of V cholerae having only the 
0 antigen A, On the examination of the type strain of
V cholerae claimed by Burrows to contain only antigen A,
Kauffman found the strain biochemically and serologically atypical.
Other workers, Sokhey and Habbu (1950), Singh and Abaja 
(1950) were unable to confirm the findings of Burrows and Gallut. 
Wahba (1951) confirmed the findings of Burrows and Gallut but 
Venkatraman (1953) agreed with Kauffman’s findings. Shrivastava 
and White (1947) suggested that Ogawa subtypes were the polar 
form of elaboration,of specific 0 antigenic formulation among 
strains of V cholerae and that strains were degraded to inaba 
subtypes by the loss or failure to synthesize certain chemical 
groups. They considered that the further loss of antigens 
by Inaba subtypes resulted in the complete loss of the
V cholerae Group 01 antigen revealing only non-specific rough 
antigen. Bhaskaran and Gorrill in 1957 suggested that the mutation 
rate among Ogawa strains was higher than among Inaba strains a fact 
which suggested that the detection of Ogawa. to Inaba changes would 
be more likely than Inaba to Ogawa changes.
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Sakazaki and Tamura in 1971 were unable to detect 
Inaba to Ogawa changes but were able to detect Ogawa to inaba 
changes by growing cultures of Ogawa subtypes in the presence of 
mono-specific Ogawa sera. They postulated the following 
antigenic formulae:-
Ogawa ^  B c Original
Hikojima ^  b c Intermediate
Inaba ^  C Loss
Large letters = major component; small letters = minor component 
They were not able to detect specific Inaba antigen but were able to 
detect specific Ogawa antigen in all strains of Ogawa and Hikojima , 
they examined. They suggested by their antigenic formulae that 
the C component differed only quantitatively within the three 
subtypes. They also thought that the use of the differentiation of 
V cholerae into the subtypes Ogawa, Hikojima and Inaba was not 
useful in the study of the epidemiology of cholera outbreaks.
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9.1 V cholerae 0 Typing
The early workers who used agglutination methods, Gruber 
and Durham (1896), Meinicke, Juffe and Flemming (1906) did not 
attribute the differences in reactions to differences in antigenic 
formulae but to the different virulence of the various vibrio strains.
Kraus, Hammerschmidt and Zia (1911) stated that differences 
in antigenic structure were responsible for discrepant agglutination 
reactions which occurred in vibrios isolated during an outbreak of 
cholera in Arabia. Greig (1913, 1916) examined a collection of 
vibrios isolated from both humans and surface waters in India, by 
means of agglutination methods at a low temperature (37°C) and a short 
period of incubation of 2 hours found that he could divide them into 
different antigenic groups. The isolates from waters were antigenically 
distinct from the vibrios isolated from cases of clinical cholera. The 
human isolates he classified into 9 groups and the water isolates into 
6 groups. Other workers (Mackie and Storer 1918; Mackie 1922) became 
interested in the antigenic difference between vibrios isolated from 
proven clinical cases of cholera and the so-called ’cholera-like' or 
’paracholera' vibrios, which bacteriologists were increasingly isolating 
from choleraic disease, cases of gastroenteritis and healthy people In 
cholera areas.
Mackie (1922) using agglutination methods was able to divide 
57 isolates of cholera-like vibrios into 20 groups. From a study of the 
description of the techniques he used it is apparent he would have been 
dealing with 0 antigen-antibody reactions with the low temperature and
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short incubation periods used. in particular he observed that when 
the incubation temperature was raised to 50°C and formalin-treated 
suspensions used, the specificity of his reactions was reduced.
Weil and Felix (1920) in a classical study on the antigenic structure 
of Salmonella typhi and paratyphi detected both heat-stable (0) and 
heat-labile (H) antigens, but when they applied this to cholera 
vibrios could find no evidence of double antigenic structure.
However, Miyake (1921) observed that V cholerae possessed 
thermolabile and thermostable antigens. Brutsaert in 1924 used 
antichoLera sera which had been produced by immunising rabbits with 
heat suspensions of vibrios and concluded that the 0 antigen was 
thermostable. Balteanu (1926) considered that the inability of Weil 
and Felix to detect thermolabile antigens was due, not to the absence 
of thermolabile antigens, but to the difficulty in demonstrating their 
presence with the techniques they used. He was able to demonstrate 
heat-stable antigens which showed small compact granules during 
agglutination tests and heat-labile antigens which produced loose floccular 
agglutination during agglutination test. He also found that the heat- 
labile antigens were absent in non-motile suspensions of normally 
motile vibrios and that there was sometimes a poor contrast between 
the floccular and granular agglutination. He suggested that this 
was due to the presence of a single polar flagellum in V cholerae 
compared with the peritrichous flagella of Proteus and salmonella.
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He was able to separate flagella from cultures of V cholerae by 
shaking and differential centrifugation and used this flagellar 
suspension as an immunising agent In rabbits to produce a Flagellar 
(H) antiserum.
Abdoosh (1932) working with a collection of cholera 
vibrios, El Tor vibrios, paracholera vibrios and other cholera-like 
vibrios found cholera and some El Tor vibrios had the same thermo­
stable (0) and thermoLabile (H) antigens. He also advised 
Limiting the use of the term El Tor to those vibrios sharing both 
these antigens but differing from cholera vibrio by their production 
of a haemolysin. He found some of the paracholera and cholera-like 
vibrios had a common thermoLabile (H) antigen, but differed in their 
thermostable (0) antigens. On the other hand Gohar (1932) examining 
cholera and cholera-like vibrios maintained that cholera-like vibrios 
had either thermoLabile (H) or thermostable (0) antigens in common 
with V cholerae.
Taylor (1934) emphasized the importance of 0 (thermostable) 
agglutination for the laboratory identification of V cholerae 
from cases of suspected cholera. This was given further weight by 
the statement of White (1934) in response to enquiries regarding the 
preparation of standard agglutinating sera for diagnostic work:
"The identification of V cholerae depends in fact on the 0 agglutinins 
and it seems to envisage the opportunity to make the diagnostic tests 
with pure 'O' serum, ie with a serum raised against a vaccine heated 
to 100°C, or naturally devoid of flagellar antigen".
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Heiberg in 1935 used both biochemical and serological reactions 
during a study of the classification of V cholerae and the cholera­
like vibrios and found that true cholera vibrio and El Tor wereiin the 
same biochemical group (Group I) and they were antigenically 
indistinguishable. Other vibrios were found within the same 
biochemical group but were antIgenically distinguishable on the basis 
of their heat-stable (0) antigens. He examined both for both 
the thermostable-. (0) antigens and thermolabile (H) antigens by the use 
of cross-absorption tests and found the true vibrios could be placed 
in 23 antigenic groups based on thermostable (0) antigens.
Gardner and Venkatraman published a comprehensive 
study on the antigens of the cholera group of vibrios (1935). Cultures 
showing vibrio-like morphology were all tested for fermentation of 
lactose, sucrose, maltose, mannitol and du late, production of indole 
and gelatin liquefaction. Typical vibrios of the cholera group 
were described as fermenting glucose, mannite, maltose, saccharose, 
producing indole and liquefying gelatin. This biochemical 
screening excluded non-fermenting vibrio-like organisms from 
further consideration. The conclusions of their study were to form 
the basis of future work on the antigenic structure of vibrios.
They found that cholera and cholera-1 ike vibrios had a common heat- 
labiTe antigen and could be divided into groups which were based 
on specific heat-stable 0 antigens. Vibrios isolated from cases 
of clinical epidemic cholera from different locations in the world 
could all be placed in Group I. This group also included most of
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the EL Tor vibrios and was divisible Into types or races, Inaba and 
Ogawa and possibly Hikojima of previous workers. Five further 
groups which they designated ll-VI were established for vibrios with 
the same general biochemical reactions of cholera vibrios but with 
different specific heat-stable 0 antigens. All Groups I-VI shared 
a common heat-labile H antigen. A separate non-specific heat-stable 
antigen was detected in suspensions heated at 100°C. 0 Groups ll-VI
were composed of vibrios isolated from clinical cases of cholera-like 
disease, gastroenteritis and water isolates. Most strains were 
haemolytic. Gardner and Venkatraman concluded by suggesting that 
boiled or steamed suspensions of vibrios should be used for prepared 
0 antisera, but that unheated suspensions of vibrios should be used 
for diagnostic agglutination tests to avoid the formation of the 
non-specific antigen produced in heated suspensions. This 
recommendation, if followed, allowed for the preparation of a serum 
containing high titre specific 0 agglutinins, but some non-specific 
heat-stable agglutinins, but no H agglutinins. Therefore if unheated 
suspensions were used the agglutination reaction observed should only 
be between specific heat-stable antigens and 0 agglutinins. Using 
such a Group 0 I serum the identification of V cholerae should be 
based on a positive Group 01 agglutination and negative test for 
haemolysis.
Gal lut (1962) examined 47 strains of vibrios of the so-called 
"Non agglutinating vibrio" (NAG), This term was used for vibrios 
with similar biochemical reactions to cholera vibrios but not 
possessing the Group I antigen of Gardner and Venkatraman.
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Gallut was able to divide these vibrios into 24 groups based on 
their 0 antigens.
In 1965 Smith and Goodner published very brief details 
of their work on 'non-cholera vibrios' (NCV). This term they 
used in a similar way to the term NAG. They used the 
carbohydrate reactions used by Heiberg (1935), sucrose, arabinose 
and mannose, as well as tests for gelatin liquefaction, indole 
production and nitrate reduction, to give a biochemical pattern 
of results. For their serological classification they dismissed 
the use of heat-stable 0 agglutination by Gardner and Venkatraman 
(1935) to classify vibrios into different antigen groups and used 
live cultures of vibrios as immunizing agents to produce antisera 
for slide agglutination. Although not clearly stated, they 
appeared to retain the term Group I for cholera vibrios. Serotypes 
were designated with Arabic numerals but there was no logic in the 
order of their numbers or details of type strains, the number of 
types was 187 and with their biochemical patterns they 
classified the 1,426 strains into 424 categories. They pointed 
out "This system is still rather rough in shape".
Sakazaki et al (1970) published details of serological 
studies on the cholera group of vibrios. They studied 468 strains 
including some of Gardner and Venkatraman's type strains that were 
available In the NCTC. They were able to establish 39 0 groups.
The term 0 Group I was retained for cholera vibrios. They used 
heated suspensions as immunizing agent for the production of
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0 agglutinating sera in rabbits. On the basis of previous work
(Sakazaki, Gomez and Sebald, 1967) on the taxonomy of the so-called
NAG vibrios he suggested that both cholera vibrios possessing the 01 
antigens and cholera-like vibrios not possessing the 01 antigen but 
sharing a common heat-labile H antigen should be placed in the same 
species, Vibrio cholerae. Shlmada and Sakazaki (1977) after 
examining a number of cultures of V cholerae not agglutinated by 
any of the 39 0 sera of Sakazaki et ai (1970) recognised a further 
21 0 antigens increasing the number of serotypes to 60.
Smith in 1979 published further details of a modified 
scheme based on his previous work (1965). He excluded cultures 
that did not fulfil the definition of the genus Vibrio of Hugh and 
Sakazaki (1972), the typing sera were re-examined and some were found 
to be partially or totally identical to others, new types were included for 
strains not typable with the previous set of antisera. He retained the
use of a single subcutaneous injection of live vibrios into rabbits as
his immunizing technique for the production of antisera. As a result 
of the re-examination of cultures, typing sera and sounder biochemical 
characterisation of new strains he was able to recognise 72 types 
compared to the reported 187 in 1965. The serotypes were not numbered 
sequentially but did retain the designation 01 for cholera vibrios.
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9.2 Comparison between Sakazaki*s and Smith's schemes
The obvious differences in nomenclature and method of
antiserum production between the systems of Sakazaki (1970, 1977) 
and Smith (1979) have created a need to compare the results 
obtainable by both methods. Laboratory studies to compare the 
two systems have been undertaken in both Japan and USA (personal 
communication Dr Riichî Sakazaki and Ms Betty Davis). Results 
indicate that at least 20 serotypes are identical in each set, 
an addition 16 serotypes are probably identical. This study 
has improved the ability to compare results using the two systems 
but it is hoped that the development of a single system would be 
a valuable outcome of this collaboration.
9.3 LipopoLysaccharide antigens
Siebeling et al (1982) using extracts of V cholerae 
Iipopolysaccharides coated on to sheep red blood cells as immunizing 
agents have produced a set of sera which they have used to type 
by agglutination V cholerae isolates mainly from southern USA.
Their sera are claimed to be free of non-specific activity but do 
not at present correlate with the Sakazaki (1970) or Smith (1978) 
systems.
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10 Changes in Agglutinability (Serological Transmutability)
Ransom and Kitashlma (1898) found that a strain of V cholerae 
was no longer agglutinated by specific serum after twenty 
subcultures in broth containing \% cholera immune serum. Findings 
of a similar nature were found by several workers. Zlatogoroff 
(1909, 1911) reported the lost agglutinability of V cholerae 
in the human Intestine and in water. He also claimed to demonstrate 
an increase in agglutination by cholera immune serum with strains of 
'river vibrios' after repeated subculture in the laboratory and 
after intraperitoneal passage through guinea pigs. He also found 
that sometimes a gain in agglutinability occurred after repeated 
freezing and thawing in cholera immune serum and horse serum.
Horowitz (1911) claimed to have demonstrated the loss of 
agglutinability by 'symbiotic growth' with S a r c l n a  lutea, Douglas 
(1921) after repeated subculture of a vibrio claimed that it 
acquired agglutinability with cholera immune serum. The validity 
of some of the earlier work is doubtful as precautions to avoid 
contamination appear to have been neglected and the reproducibility 
of some of the experimental work was not investigated.
Finkelstein (1931) thought the loss of agglutination by 
cholera immune serum with strains of v cholerae after passage through 
water was due to a transition from smooth to the rough state.
Tomb and Maitra (1927) reported that they were able to demonstrate 
a gain in agglutination with cholera immune serum with 40 out of 68 
strains of vibrios isolated from a cholera endemic area in Calcutta
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which initially did not show agglutination with cholera immune 
serum. They demonstrated this gain in agglutinability after 
storage of the cultures for six months, Pasricha,De Monte and 
Gupta (1931) testing the action of cholera bacteriophages on 
'cholera-like vibrios' found that secondary phage-resistant 
colonies in some experiments were agglutinated by cholera 
immune serum and thought, with little justification, that these 
vibrios played "a great part in the aetiology of the disease". 
Taylor and Ahuja (1935) using quantitative agglutination method 
found a vibrio isolated from water which was not agglutinated 
by cholera antisera on isolation and after six months subculture 
developed all the biological characters of a cholera vibrio 
including H and 0 agglutination by cholera immune sera.
White ('1936A) reviewing the previous findings maintained 
that "There is, I believe, not only insufficient evidence on 
which to base a theory of vibrionic transmutability such as 
is at present current, but definite evidence against acceptance 
of such alleged instances of change as have been discussed". 
Pollitzer (1954) thought that the many changes in agglutinatibiIity 
should be viewed with great scepticism. Workers often had used 
techniques which were not quantitative and did not perform 
cross-absorption tests. Mixed cultures of different 0 
serotypes may have been used, also most workers had not employed 
specifically designed sera of known agglutinating properties. 
Therefore it was not known if the sera contained, in addition to 
specific 0 agglutinins, non-specific R and H agglutinins.
82
Bhattacharji and Bose (1964) claimed that V cholerae 
01 was able to persist in the aquatic environment between 
epidemics but lost its ability to be agglutinated by 01 
antisera. They suggested that under certain environmental 
conditions the organism would regain its ability to be 
agglutinated by 01 antiserum and would start fresh outbreaks of 
cholera but they gave no evidence of actual change of 
agglut i nabiIi ty.
Smith and Goodner (1965) claimed to have demonstrated 
serological mutation in V cholerae 01 with changes to 
serotypes 13, 40 and 47. From serotypes 13, 40 and 46 the 
authors claimed to have isolated V cholerae 01 , also other 
non-01 V cholerae strains are claimed to have produced mutants 
which may be of varying types within a series of six serotypes.
Sakazaki et ai (1970) could find no evidence to support 
Bhattacharji and Bose's or Smith and Goodner's claims. They 
detected no change in serotype during a period of 3 years within 
their collection of strains of v cholerae. They thought 
Bhattacharji and Bose had dealt with a mixed culture or the 
mucoid or R form of V cholerae.
In conclusion the reports on changes in agglutination 
reactions with strains of V cholerae do not always take into 
account smooth - rough (S-R); motile - non-motile (OH-0) and 
Ogawa - Inaba variations which are known to occur. Detail is 
often lacking with regard to minor antigenic relationship 
between types based on cross-absorption agglutination tests and 
therefore some workers' conclusions should be viewed with scepticism.
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11 R Antigens
The first suggestion that V cholerae may undergo 
dissociation with Loss of the ability to react with specific 
sera was recorded by Hamburger (1903) when he was attempting to 
vary the virulence of cholera vibrios. He found that vibrios 
grown in the presence of specific immune sera showed spontaneous 
agglutination in normal saline. This observation was also made 
by Kabeshima (1913) who stated "When the cholera vibrio is 
cultivated in bouillon containing homologous serum the organism 
becomes inagglutinable, but it acquires spontaneous autoagglutinability. 
This is due to the Loss of specific receptors and at the same time 
receptors which are common to many strains are formed". In a 
Later publication Kabeshima (1918) stated that this loss of 
specific antigens was also found in old stock cultures of vibrios.
He also found that spontaneous agglutination did not occur if 
0.2# Sodium Chloride solution was used to suspend these vibrios.
Shousha (1923) and Goyle and Gupta (1932) who both studied 
spontaneous agglutination of V cholerae confirmed the Loss of 
specific agglutination by cultures showing spontaneous 
agglutination in normal saline when agglutinin absorption tests 
were used. Finkelstein (1931) found à loss of specific 
agglutination from strains of V cholerae during growth in water.
White (1935) found that the serological specificity of vibrios 
depended on their smooth antigens and with the development of 
roughness these specific antigens were lost and replaced by 
non-specific antigens. White postulated that a further loss
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could occur leading to the appearance of a so-called p form with 
a loss of group specificity of the rough vibrios. Gardner and 
Venkatraman (1935) drew attention to smooth to rough variation 
with loss of specific smooth antigens and to the effects of 
partial roughness, some of which they suggested may be detected 
by the use of Mi lion's protein reagent (1849) in which smooth 
cultures gave negative results and rough cultures a positive 
reaction. They also used agglutination in 0.2# Acriflavine 
(Trypaflavine) as a criterion for roughness. They also demonstrated 
that R forms showed normal motility and were agglutinated by H 
antisera. During experiments in which suspensions of vibrios 
are heated they observed the formation of a non-specific 0 
antigen and suggested boiling may reveal a common antigenic 
component which is not detectable in an unheated smooth culture of 
V cholerae. They also found that most 0 sera said to be 
specific contained small amounts of common or R agglutinins.
They therefore recommended that unheated suspensions of vibrios 
should be used for tests of specific 0 antigens, but that heated 
suspensions be used to prepare 0 specific agglutinating sera.
White(19378,1940A) confirmed Gardner and Venkatraman's observation 
that 0 antisera even when produced from polysaccharide fractions 
from smooth forms of V cholerae produced in addition to 0 type 
specific agglutinins a small amount of common agglutinin.
White stated that the major component of the somatic agglutination 
of R and p vibrios is a heat-stable protein and that R and p 
antigens furnished the skeletal antigenic struct ion of V cholerae.
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White suggested that "rugose" variants of V cholerae possessed an 
antigen that was also common to all rugose variants of different 
0 types of V cholerae^ he implied that the "rugose" antigen was 
different from the S, R and p antigens. Burrows et al (1946) in 
a study of V cholerae 0 antigens claimed to have identified 13 
components but they did not associate any of these with R antigens. 
Kauffman (1950) observed that the differentiation between specific 
0 and R agglutination may not be easy and required considerable 
experience. He found that cultures of V cholerae readily became 
rough and therefore considerable caution was required in the 
interpretation of serological reactions. Ahuja (1951) and Singh 
and Ahuja (1951) recommended the addition of fresh complement to 
broth cultures to detect rough vibrios. They found that smooth 
vibrios were able to grow in the presence of complement whilst rough 
vibrios were lysed in the presence of fresh complement,
Shimada and Sakazaki (1973) investigated the serological 
properties of the R antigen of Vibrio cholerae. They found by means 
of agglutination and absorption tests that the R antigens of all 
strains of V cholerae were identical but different from those of 
V parahaemolyticus, They also observed that most 0 antisera 
contained some R antibody. R forms of most 0 types were isolated 
by growth of the stock 0 antigen cultures in semi-solid media 
containing homologous 0 anti sera. They found that most R forms were 
not distinguishable from S forms by colonial morphology, but could be 
distinguished by loss of specific 0 antigen and agglutination in 
1/500 trypaflav in in normal saline. They recommended that all 0
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antisera should be prepared from 5 forms but the sera should be absorbed 
with an R culture before use. Some workers have claimed that R forms 
of V cholerae are found in the contact carrier state of cholera 
(Dizon et al 1967) and at the termination of epidemics (Mukerjee 1978),
The problem of identifying the 0 specific type from which an R 
form has been derived has been considered by Sanyal et ai (1972) and 
Pastor is (1977) who both used V cholerae 01 specific phages to attempt this 
J V Lee (personal communication) found that R forms thought to 
be derived from V cholerae 01 usually showed lysis with some V cholerae 
01 phages, but the pattern of lysis is much more restricted and weaker 
than patterns found with 5 forms of V cholerae 01 indicating a loss of 
receptor sites. Si I (1970) reported on a scheme for phage-typing non-01 
V cholerae but the scheme is no longer viable because of the Loss of 
phages. Therefore no viable scheme for phage typing non-01 V’ cholerae 
cultures is available at the present time, this approach can not be used 
to identify the origin of non-01 v cholerae forms at present.
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12 M (K) and S Antigens
Tamaoki et al (1966 and 1968) described a thermostable K 
antigen which they designated 5 antigen which they divided into three 
factors, 5i S2 and S3. They found the Si antigen only in V cholerae 
01 classical biotype, S2 in V cholerae classical or eltor biotypes 
of the Inaba subtype and S3 in some V cholerae classical and eltor 
biotypes both Ogawa and Inaba subtypes. Horikawa (1970) investigated 
the S antigens of V cholerae by means of complement fixation and tests 
for bacteriolysis. He found that the S2 and S3 antigens were similar 
to 0 antigens and that the antigenic factor S2 was probably the type- 
specific factor C used in Inaba/Ogawa antigenic formulae. Factor S3 
appeared to be a factor common to all v cholerae 01 strains. The Si 
antigen was thought to be of the K type and found only with V cholerae 
classical biotype and not with eltor biotypes. The author thought 
that the Si antigen may be related to 'semi-rough' state.
Sakazaki et al (1970) during their investigation of the 
serological reactions of cholera vibrios confirmed the work of 
Lyles and Gardner (1958), that some cultures of V cholerae were 
inagglutinable in the living state with homologous 0 antisera. They 
suggest that this may be due to the formation of a mucoid (M) substance. 
Strains for the production of M antisera were cultured in a special 
medium containing sucrose and Teepol and a mucoid colony selected.
These antigens were used in the unheated state and were also refractive 
to agglutination by 0 specific sera. A prolonged course of 
immunisation was required before even relatively low titre anti-M
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agglutinins were produced. When tested with 3 mucoid strains the 
anti-M sera reacted with all strains and they concluded that the M 
antigen was common or identical within these strains, in view of 
this they recommended that if V cholerae cultures are not 
agglutinated by specific 0 antisera in the unheated state they 
should be retested after heating at 100°C for 2 hours.
Specific K antigens, that is capsule or envelope antigens, 
have been reported for Vibrio parahaemolyticus (Miwatani and Takeda 
1976) and at least 55 types are recognised. Both 0 and K antigens 
are used for serotyping strains of V parahaemolyticus ; commercially 
produced antisera are available (Toshiba Kagaku Kogko Co Ltd Tokyo 
Japan) supplied in the UK by UniScience Ltd.
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13 Pill (Fimbriae)
Although V cholerae Is sparsely fimbriated (Barua and 
Chatterjee 1964; Tweedy, Park and Hodgkiss 1968) investigations 
aimed to link fimbriae (pili) with haemagglutination have proved 
inconclusive (Barua and Mukherjee 1965; Bhattacharjee and 
Srivastava 1979). Bhattacharyya and Mukerjee (1974) thought that 
the persistence of fimbriae in well-washed cell suspension was 
unlikely to lead to antifimbrial agglutinins in anti-H serum.
14 Flagellar Antigens
14.1 Differentiation from 0 antigens
Early investigations of the antigenic structure of vibrios 
did not clearly distinguish between agglutination due to 0 heat-stable 
and H heat-labile antigens (Gruber and Durham 1896; Grieg 1914;
Mackie 1922). Evidence to support the presence of both heat-stable 
and heat-labile antigens in motile cultures of cholera vibrios was 
found by Miyake (1921) and Balteanu (1926). They were able to relate 
the heat-labile antigen to flagellated organisms as they found non- 
mot i le vibrios did not possess the heat-labile antigen. They also 
noted that the agglutination produced by antisera prepared against 
heat-labile antigens of vibrios was relatively poor compared with 
Salmonellae and that this was probably due to differences in the 
number of antigenic sites on the mono-flagellate vibrio compared 
with the peritrichous flagella of salmonellae, Balteanu separated 
flagella from vibrios by shaking to detach the flagella and then separated 
the flagella from the cells by differential centrifugation. He used 
the flagella suspensions to immunize rabbits to prepare H antisera.
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14,2 Within the species V cholerae
Further evidence of the presence of heat-LabiLe antigens 
in cholera and cholera-like vibrios was found by Shousha (1931) 
and Abdoosh (1932). Both these workers thought that the H 
antigens of vibrios were common or non-specific.
Gardner and Venkatraman (1935) in their classical study of the 
antigens of the cholera group of vibrios were able to show that all 
vibrios that conformed to the biochemical and culture criteria of 
V cholerae had a common H antigen. They used cross-absorption 
techniques to confirm this; their result suggested that there may 
be strain-specific H antigens in some cultures of cholera and 
cholera-like vibrios, as well as the major common H antigen. Gardner 
and Venkatraman performed their tube agglutinations at 50°C and observed 
end points to titrations after 18-24 hours in contrast to the lower 
temperatures and short time of incubation of some of the earlier work. 
They also showed that, in contrast to salmonellae, formalin did not 
inhibit 0 agglutination with vibrios and found formalized suspensions 
of vibrios were agglutinated by both 0 and H anti sera.
VassiUadis (1936) found that by treating vibrio suspensions 
with chloroform he reduced their 0 agglutinability and increased their 
H agglutinability. He suggested that the chloroform treatment 
dissolved lipoids which had been inhibiting H agglutination.
Abuja and Singh (1939) found 35# of the cholera group of vibrios had 
specific individual H antigens. White(1940A) recommended the use 
of motile forms of vibrio cultures which had lost their specific 0 
antigens, the so-called R or p cultures as immunizing agents for the
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production of H agglutinating sera, claiming that an H titre with 
little or no 0 agglutinins would be produced In such sera.
He also suggested the use of flagellar suspensions prepared by 
precipitating flagella by saturated ammonium sulphate solution should 
be used as immunising agents for H anti sera production (White 1940B). 
Burrows et al (1946) carried out a detailed analysis of thë H 
antigens of V cholerae by reciprocal absorption tests using OH sera 
absorbed with their homologous 0 antigens. He concluded that the 
H antigenic structure was of a similar complexity to his observation 
on 0 antigens. He suggested the existence of subtypes of H antigens 
in V cholerae, Kauffman (1950) could find no evidence of subtypes 
of the H antigen in V' cholerae,
Sakazaki et al (1970) prepared 4 antisera from their 0 groups 
1, 2, 5, and 40. They demonstrated by cross-absorption test that 
the H antigen for each strain was identical. They examined 405 
cultures of V cholerae- 399 were agglutinated by the four H antisera 
to titres of the same order as their homologous antigens. The 6 
cultures of v cholerae that were not agglutinated by H antisera 
were non-mot lie. Therefore they concluded that all cultures of 
Vibrio cholerae had a common H antigen and that there was no 
evidence of subtypes.
92
1,4.3 Relationship with other vibrio species
Sakazaki et al (1970) found the V cholerae H anti sera failed 
to agglutinate H antigen suspensions of V parahaemolyticus,
V alginolyticus, V anguillarum, luminous vibrios and their biotypes 
6330 and 6267.
Bhattacharyya et al (1971) in an attempt to resolve the 
controversy over V cholerae H antigens carried out a study on their 
flagellar antigens. Formalinized washed cell suspensions of 
cultures which had been subcultured through semi-solid media to 
select highly motile cells were used as antigens in tube agglutination 
tests incubated at 52°C. Antigenic preparations for single strains 
were repeated to reduce the influence of variation of agglutinability 
of different preparations. From these findings it was concluded that 
the H antigens of V cholerae are identical in all strains. 
Bhattacharyya and Mukerjee (1974) continued their studies on the H 
antigen of Vibrio cholerae confirmed their earlier findings of an 
identical H antigen in all 0 serotypes of V cholerae. They examined 
a wider range of cultures and H antisera and thought that some of 
the problems of previous workers were related to incorrect biochemical 
characterization of the cultures studies, lack of appreciation of 
antigenic variation of reactivity in different suspensions, failure 
to select motile cells by passage through Craigie tubes and growth at 
30°C, incubation at sub-optimum temperatures of 37°C rather than 50°C,
Smith (1974) could find no evidence for H antigens with 
cultures of V cholerae. However, he used techniques considered by 
previous workers as unsuitable for H agglutination, he made no 
selection of motility, he used low temperature (41®C) short time for
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agglutination (1 hour) and low cell density of suspensions for 
agglutination tests.
Bhattacharyya (1975) investigated the possibilities of 
using a test for the common H antigen of Vibrio cholerae 
as an aid to identification of vibrios,as previously she found 
that all motile cultures of V cholerae were agglutinated by
V cholerae H antisera in both tube agglutination tests and slide 
agglutination tests. The investigation of alternative 
diagnostic techniques such as fluorescent antibody labelling and 
immobilization were unsuccessful, V cholerae flagella being 
refractive to H sera in these tests. Type specific 0 anti sera 
was reactive in these tests which she suggested 0 antigens
may have "a functional role in motility". Interspecies H cross­
reactions between V cholerae, V metschnikovii and V anguillarum 
were demonstrated. No reactions with V cholerae H sera were obtained 
with cultures of V parahaemolyticus, Plesiomonas shigelloides, 
Aeromonas spp, Pseudomonas spp, Salmonellae spp and Esch coli, 
Bhattacharyya suggested H antigenic formulae for vibrios,
Table 12, using the term Fish group for V anguillarum and Avian for
V metschnikovii.
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Table 12 H antigenic formulae
Cholera group A D e f
Fish group B D e
Avian group C e f
Capital letter = major determinants 
Small letter = minor determinants
Bhattacharyya (1975)
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Shinoda et al (1976) in a study of the flageLLins of vibrios 
and the then related genus Beneckea found that the antigenicity of 
purified flagellin prepared from the single polar flagellum of 
Vibrio parahaemolyticus was common to all strains tested. They also 
tested flagellin prepared from the lateral flagella of 
V parahaemolyticus and found this was common to V alginolyticus 
but not to Beneckea campbellii or B neptuna. The gel diffusion 
method of Ouchterlony (1949) was used not tube agglutination.
Shinoda et al (1976) suggested that the differences between their 
results and previous workers (Sakazaki et al 1970; Smith 1974) 
were due to the small amount of flagellin protein in the whole cell 
immunizing agents used as well as the possible refractive effect 
produced by the flagella sheath on single polar flagella of vibrio 
(Follett and Gordon 1963; GLauert Kerridge and Horne 1963).
14.4 Test Conditions
Bhattacharyya in 1977 closely studied the variables in 
agglutination techniques in order to obtain optimum reactions when 
working with V cholerae cultures and V cholerae H anti sera. The 
significant conditions for optimum tube agglutination were thought 
to be antigen concentration, reaction temperature, formalin fixation, 
heat treatment. Conditions favouring the H reaction were 48-hour 
cultures on firm agar, high suspension opacity, reaction temperature 
of 45^C, formalin fixation. There was an inverse relationship between
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0 and H sensitivity under these conditions and a vibrio in the 
Log phase of growth masks the flagella antigen by the production 
of an 0 reactive layer on the flagella sheath. She also stated 
that a temperature of 64 ± 0,5®C could be used as a criterion for 
the dénaturation of H agglutination reactions of untreated 
suspensions and antisera, thereby distinguishing these H reactions 
from 0 agglutination reactions which are not denatured at this 
temperature .
Si I and Bhattacharyya (1979) introduced a rapid slide agglutination 
test for all serotypes of V cholerae _ They found that 1.2# phenol 
which caused damage to the outer cell membrane was found to increase 
H sensitivity in the tube agglutination test. They therefore 
incorporated the use of 1.5 phenol into a slide agglutination test.
They used a V cholerae anti-H serum from which homologous 0 
agglutinins had been absorbed with a heated suspension. The phenol 
slide agglutination method was found to give the expected positive 
results with 85 out of 96 cultures of V cholerae examined. The 11 
cultures showing atypical reactions were old stock cultures with 
possible degenerative changes In cell wall structure. Cross- 
reaction with other related species except for V anguillarum 
were not found. The technique was further evaluated by Pastoris, 
Bhattacharyya and Si I (1980) during routine tests on vibrio isolates 
in India and Italy. All smooth isolates of V cholerae (1002 0 type 1,
52 non-01) were clearly positive in the test. They recommended the 
application of the test to the routine identification of V cholerae.
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particularly as an aid to the Identification of isolates of non-01
V cholerae^ as specific 0 agglutinating sera for types other than 
0 group 1 were not usually available nor is it feasible to produce 
a polyvalent 0 serum to cover all 0 types. The identification of 
Non-01 V cholerae is based on biochemical reactions and a negative
0 Group 1 agglutination test. The use of an H agglutination test 
would enable a positive H agglutination to be used as a diagnostic 
test as all motile strains of V cholerae have a common H antigen 
(Gardner and Venkatraman 1935; Sakazaki et al 1970).
1 4.5 Flagellar sheath and core antigen
Yang, Schrank and Freeman (1977) using a purification 
procedure of several cycles of differential centrifugation, cesium 
chloride density-gradlent, ultracentrifugation with the neutral 
detergent Tritox X-100 obtained a flagellar core preparation from
V cholerae. The purified flagellar core preparation had a 
molecular weight of 45,000 g/mol and was a single protein subunit. 
The purified flagellar core was used to raise antiserum in rabbits. 
The antiserum reacted with flagella on intact bacterial cells and 
purified core using a ferritin conjugated antiglobulin. The anti­
core serum also immobilized V cholerae 01 cultures and did not 
react with V cholerae LPS in immunoprécipitation tests. The 
immobilization observed with anti core serum showed loose 
agglutinates with some cells showing apparent altered motility 
characteristics with non-directional rotation. Antiserum to
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V  cholerae 01 LPS agglutinated viable V cholerae 01 cultures in 
characteristic granular clumps which resulted In mechanical 
immobiIization.
Hranitzky et al (1980) studied the flagellar protein sheath 
of V cholerae. They isolated the protein by polyacrylamide gel 
electrophoresis; prepared an immune serum in a rabbit from the 
protein and tested the anti serum with strains of V cholerae.
The anti serum agglutinated 2 strains of V cholerae 01 and 2 strains 
of non-01 V cholerae to the same titre. The anti serum was also 
used in ferritin labelling experiments and the presence of sheath 
protein was shown to occur on both the flagellum and the outer 
membrane of the cell. The authors suggested that the protein may 
be the common H antigen. This suggestion was based on specificity 
of anti-LPS sera to react with only the cell but not with the 
sheathed flagellum, therefore the sheath is not a simple extension 
of the outer cell membrane LPS. The sheath protein is thought to 
occur on all strains of 7 cholerae ,being located on both outer 
membrane and flagellum but as only 4 cultures of V cholerae 
were used in this experimental work further studies are needed to 
verify this hypothesis.
Tassin and Siebel.ing (1982) suggest that there Is a 
relationship among H antigens of several vibrio species with major 
and minor antigenic components being shared, Larson, Hranitzky and 
Siebeling (1982) have attempted to differentiate the flagellar core 
and sheath antigens of V cholerae.
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15 immunochemistry
Early attempts to determine the chemical constituents of 
V cholerae antigens were made by alcohol extraction by Levaditi 
and Mutermilch (1908). This produced extracts that contained 
protein and carbohydrates and were immunogenic and heat stable.
Landsteiner and Levine (1926, 1927) using similar methods found that 
their extracts contained an antigenic complex consisting of protein 
and complex carbohydrate which was specifically precipitated but 
non-immUnising and probably belonged to the class incomplete hapten 
anil gens. Linton (1932) used acid heat extraction followed by 
alcohol precipitation and was able to extract a carbohydrate-like fraction 
which was antigenic. Linton, Shrivastava and Mitra (1935), Linton 
(1940, 1942) working with both cholera vibrios and cholera-like 
vibrio extracts found that they could distinguish 2 types of protein 
and 3 types of carbohydrates. The carbohydrates contained galactose, 
arabinose and glucose with an aldobionic acid consisting of galactose 
and glycuronic acid, they divided vibrios into 6 groups based on these 
const i tuents.
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Table 13 Protein and Polysaccharide Types
Group Protein type Polysaccharide Type
I I
IV
V
Majority of true cholera vibrios 
Cholera vibrios found in Assam 
Water vibrios 
El Tor vibrios
Cholera vibrios isolated from 
carriers
Old laboratory cultures of 
vibrios
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White (1936, 1940C, 1940D) was able to comment on the chemical 
character of his various antigenic functions as follows;-
1 Heat-labile somatic protein (HLSP)
2 Heat-stable somatic protein (H5SP)
3 Q protein
4 Polysaccharide antigens of 5, R and p forms
5 Hapten C y I probably somatic
6 Rugose Hapten probably polysaccharide in nature
Flagellar antigen = mainly protein
He acknowledged that these findings only characterized the 
chemical composition of vibrio antigens in a general manner. 
Shrivastava, Singh and Ahuja (1948) using phenol extraction of 
acteone-dried cells were able to extract polysaccharides free of 
protein containing nitrogen and acetyl groups which were highly 
immunogenic in mice. Misra,Pant and Shrivastava (1961) found the 
cell wall 0 antigens consisted of a Protein-Lipopolysaccharide 
complex. Gal lut (1965) thought that the 0 specific antigens were 
polysaccharides and that protein antigens which are contained both 
in the outer cell wall membrane and flagella were non-specific. 
Shrivastava (1965) found that the principal serologically active 
polysaccharides were divided into neutral and acidic fractions.
These fractions were both heat-stable and produced both 
agglutinating and precipitating antibodies when used as immunising 
antigens in rabbits. Quantitative differences in ratio of
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glucosamine, galactosamine and uronic acid in the neutral fraction 
were found to occur in Ogawa, Inaba and R forms of V cholerae^
Jackson and Redmond (1971), Jann et al (1973) reported the 
absence of 2-keto-3-deoxy-octonate (KDO) in the Iipopolysaccharide 
(LP5) core of V cholerae, KDO is a linking carbohydrate of 
enterobacteria,LPS. Lipid A  of V  cholerae was found to be similar 
to enterobacteria Lipid A. Redmond (1975) detected the presence 
of 4 amino-4 6-dideoxy-D-mannose (D-perosamine) as a component of 
the LP5 of V cholerae Inaba. Redmond (1978) reported the 
V cholerae Ogawa LPS had an additional component 4 amino-4-deoxy-L- 
arabinose and that this could be the basis of distinction between 
inaba and Ogawa subtypes. Hisatsune, Kondo and Iguchi (1980) were 
not able to confirm this finding. Hisatsune et al (1980) were able 
to confirm the absence of KDO from the LPS of V cholerae and all other 
members of the family Vihrionaceae (Vibrio^ Aeromonas), They also 
suggested that the carbohydrate composition of the LPS of vibrios 
species are distinguishable and are of taxonomic importance; some 
species were divisible into chemotypes of their LPS. They also 
compared the chemical composition of the LPS of both smooth and rough 
forms of V  cholerae 01 and found that.the loss of 0 specificity involves 
the elimination of two component sugars Ouinovosamine and Perosamine.
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In the LPS extracts of non-01 V cholerae these component sugars 
were also absent, suggesting that they are specific to V cholerae 
01 5 LPS. No specific carbohydrate constituents have been found 
in the LPS of V cholerae 01 that could account for the 0 subtype 
antigenic subtypes Inaba and Ogawa.
Examination of the LPS extracts of R forms of V cholerae 
derived from 0 types 3, 5, 6, 7 and 8 all show a loss of 
component carbohydrates compared to their S forms. Although 
the authors do not comment on the comparison of the carbohydrate 
components of the LPS derived from 0 1, 3, 5, 6, 7 and 8 with the 
exception of R LPS from 06 their pattern of components is very 
similar.
Kabir (1980) described composition of the outer membrane 
proteins of Vibrio cholerae. Proteins of molecular weights 
68,000, 48,000, 41,000, 37,000 and 13,000 were detected under 
various growth conditions. These proteins produced precipitating 
and agglutinating antibodies in immunised rabbit sera. The antisera 
reacted with both classical and el tor biotypes and Inaba and Ogawa 
subtypes of V cholerae 01. The anti sera were not tested against 
other serotypes of V cholerae therefore it was not possible to 
determine the 0 antigen specificity of these sera.
Shinoda et al (1976) examining the flagellar antigens of 
vibrios and related genera found that the flagellins from the single 
polar flagella of V parahaemolyticus, V anguillarum and B neptuna 
had similar molecular weights of about 40,000 and that the amino acid
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composition of the flagelLin were very similar. They therefore 
thought that these species may share common H antigenic 
determinants.
Hranitzky et ai (1980) characterized a flagellar sheath 
protein of V cholerae finding the protein was composed of three 
polypeptides of molecular weights of 61,000, 60,000 and 56,000 
and was thought to be a multimeric protein composed of three 
subunits. The protein was thought to be distinct from the 
flagellin protein which has a molecular weight of 45,000 (Yang, Schrank 
and Freeman, 1977).
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1 6.1 Aims and Nature of the Study
Prior to the start of this research work the Maidstone Public 
Health Laboratory had received stock cultures of V cholerae from Dr 
Riichi Sakazak! of the National Institute of Health, Japan. These 
were his type cultures for the V cholerae serovars 1-60 described 
by Sakazak! et ai (1970) and Sakazaki and Shimada (1977). 
Agglutinating antisera, raised in rabbits, had been produced for most 
of these 0 types. These sera had been used to serotype cultures of 
V cholerae referred to Dr A L Furniss, PHLS Reference Expert for 
cholera vibrios. The methods in use at the time involved slide 
agglutination procedures with both pools of sera and then with single 
type sera. No quantitative serology was performed in serotyping 
i soLates.
At the time of the commencement of the study a further supply 
of additional provisional 0 type cultures of V cholerae 0 61-75 were 
received from Dr R Sakazaki. During the early months of the study 
much larger numbers of isolates of V cholerae and other vibrios, 
mainly isolated from the environment were received by the PHLS 
Reference Experts unit for identification including serotyping.
It therefore became clear that with the number of recognised 
0 types now increased to 75 and the prospect of further additional 
types, the time had come to develop a different approach for 
serotyping relatively large numbers of cultures. Therefore a 
programme of ant I sera production for the new types 0 61-75 was 
commenced, also an examination of the existing stocks of 0 sera for
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specificity, agglutinating titre and suitability for further use 
was undertaken. As a result of this some new anti sera for types 
within the range 0 1-60 were produced.
It was decided to develop a method for 0 typing relatively 
large numbers of cultures using a scheme based on the use of 
microtrays and investigate the use of dropping pipettes, bottles 
and reagent dispenser .
l6.2 Specific Topics related to 0 Serotypes and Antigens
The following lines of investigation were to be examined;-
a) An examination of the conditions that influenced 
suspensions of V cholerae with regard to qualitative and 
quantitative agglutination reactions.
b) An examination of the thermal stability of suspensions
with regard to the detection of 0, H and R agglutination reactions,
c) The antigenic relationship of the various 0 types.
d) The relationship of 0 type to epidemiological and
geographical information.
e) To examine any relationship of specific 0 types with 
biological activity including cholera enterotoxin production, 
bacteriophage susceptibility and biochemical characters (biotypes).
1 6.3 V cholerae Q] Anti sera and Antigens
In view of the isolation of V cholerae 01 (Bashford et al 1978) 
from ’Debra's Ditch' an agricultural drainage ditch on the isle of 
Sheppey, Kent, it was decided to examine the antigenic structure of
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these strains by raising antisera from environmental isolates of 
V cholerae 01. The agglutinins in the anti sera were to be compared 
with sera raising from standard strains of V cholerae 01. It was 
also decided that It would be of value to prepare absorbed sera.for 
the V cholerae 01 subtypes Inaba and Ogawa,
These sera, along with other sera from commercial suppliers, 
would be used to examine the relationship of Inaba and Ogawa subtypes 
and to examine any cultures in the Maidstone vibrio collection which 
were thought to be of the rarer Hikojima subtype.
It was also decided to examine available sources or 
international/national centres for specificity, agglutinating titre 
and protein content.
1 6,4 V cholerae H antigen
In view of the differences of opinion regarding potential 
value of the v cholerae H antigen as an aid to identification and 
classification, it was decided to prepare and evaluate V cholerae 
H antisera. Various methods of preparing immunizing suspensions 
including flagellar preparations were to be used. An examination 
of the known methods of H agglutination and the use of experimental 
methods were to be undertaken.
The concept of a common V cholerae H antigen was to be 
examined by examining various H antisera from different 0 types by 
agglutination-absorption studies. The relationship of V cholerae
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H antigen to other vibrios species, eg V metschnikovii,
V fluvialis was to be explored by raising antisera from other 
vibrio species and then examining their relationship by cross- 
agglutination-absorption studies.
A study of the morphological aspects of motility and 
flagella production by V cholerae were to be undertaken. These 
would involve both flagella staining, examination of motility by 
microscopic methods and growth in agar systems. Electron 
microscopy would be used to try to demonstrate sheathed and 
unsheathed polar flagella in given cultures and their relationship 
to H agglutination patterns. Tests would be used to test the , 
hypothesis of specific immobilization of V cholerae by anti sera.
1 6.5 V cholerae Antigenic Extracts
To study the antigenic relationships of various V cholerae 
0 types, using methods other than agglutination, a programme of 
employing various methods of antigenic extraction was to be undertaken. 
The methods of extraction would include whole extraction methods 
including ultrasonic disintegration. Antisera raised from some 
whole-cell extracts were to be prepared. Both extracts and antisera 
were to be examined by various immunological methods including 
countercurrent Immunoelectrophoresis (CIE) in an attempt to demonstrate 
and identify soluble antigens.
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In conclusion, the objectives of the work undertaken were
that it would form a sound basis for the application of serology
as an aid in the identification and classification of V cholerae
and other vibrio species.
MATERIALS AND METHODS
Cultures used
Test strains of Vibrio cholerae Q antigen types used
0 antigen Source Strain No. Maidstone No
NIH(Ogawa 674
(Inaba 35A3 675
NCTC(Hikojima) 7270 433
(Hikojima) Nottingham A123 1602
(Hikojima) Nottingham A124 1603
CRL(Ogawa J336 1286
CRL(Inaba J338 1287
NCTC 4711 1029
NCTC 4715 030
NCTC 4716 031
B4202-64RS 1032
7007-62 1033
8394-62RS 1034
10317-62RS 1035
RS 112-68 036
RS 218-68 1037
RS 10843-62 1038
1039RS 211-72
0 antigen
22
32
Source
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS
RS ' •
RS
RS
RS
Strain No.
11416-62
B8645-64
316-71 
110-68 
B5257-64 
139-68 
10332-62 
109-68 
169-68
317-71 
14438-62 
14821-62 
334-72 
10431-62 
12530-62 
161-68 
12795-62 
5473-62 
171-68
151-68
152-68 
1311-69
1321-69
1322-69
Maidstone No.
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060 
1061 
1062
1063
1064
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0 antigen Source Strain No. Maidstone
38 RS 215-68 1065
39 RS 225-68 1066
40 RS 212-72 1067
41 RS 284-73 3392
42 RS 104-73 3393
43 RS 108-73 3394
44 RS 112-73 3395
45 RS 122-73 3396
46 RS 128-73 3397
47 RS 131-73 3398
48 RS 133-73 3399
49 RS 1154-74 3674
50 RS 190-75 3401
51 RS 198-73 3402
52 RS 207-73 3403
53 RS 1157-74 3404
54 RS 1175-74 3675
55 RS 197-75 3676
56 RS 475-75 3677
57 RS 1463-76 5624
58 RS 1162-74 5625
59 RS 1333-74 5626
60 RS 195-75 5627
61 RS 12-74 5628
62 RS 1-76 5629
63 RS 19-76 5630
64 RS 1280-75 5631
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Q antigen Source Strain No. Maidstone No.
65 RS 981-75 5632
66 RS 993-75 5633
67 RS 121-79 5634
68 RS 293-78 5635
69 RS 1861-79 5636
70 RS 1111-77 5637
71 RS 162-78 5638
72 RS 431-79 5639
73 RS 113-79 5640
74 RS 428-79 5641
75 RS 429-79 5642
76 RS 1158-76 8844
77 RS 8-76 8845
78 RS 27-76 8846
79 RS 1103-76 8847
80 RS 1421-77 8848
81 RS 318-78 8849
82 RS 28-76 8850
83 RS 1042-78 8851
LEN Local isolate 5213
R RS CA385 3405
R Kasauli 3583
Key: NIH = National Institute of Health, USA
NCTC = National Collection of Type Cultures Colindale, England
CRL = Cholera Reference Laboratory, Dacca, Bangladesh
RS = Dr Riichi Sakazaki, National Institute of Health, Tokyo, Japan
Nottingham = Professor O'Grady, Nottingham PHL
Kasaull = Kasauli Institute, India.
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1.2 Reference Cultures Used
Ident i fIcat ion Maidstone Source Strain No Isolated fn
No
V parahaemolyticus 515 Malays i a 18101 Human faeces
V parahaemolyticus 569 DRL 160/62 Human faeces
V parahaemolyticus 1225 Guildford PHL 9215 Human faeces
V parahaemolyticus 458 DRL 495/69 Black Sea
V parahaemolyticus 2074 Maidstone PHL - Cockles
V alginolyticus 1252 Maidstone PHL - Oysters
V alginolyticus 1251 Maidstone PHL - Oysters
V alginolyticus 463 DRL 500/69 Black Sea
V alginolyticus 1465 Yugoslavia 180-2CH73 Sewage
V anguillarum 1490 NCMB 6 Diseased cod
V anguillarum 2045 Maidstone — Oysters
V anguillarum 2176 Maidstone - Clams
V anguillarum 2206 Maidstone - Clams
V anguillarum 2600 Hull PHL 4492/1 River water
V anguillarum 6054 NCMB 571 -
V anguillarum 6055 NCMB 829 -
V metschnikovii 409 NCTC 8443 Fowl faeces
V metschnikovii 618 DRL 211/66 River water
V metschnikovii 2066 Ma i dstone - Lobster
V metschnikovii 2068 NCTC 8563 -
V metschnikovii 2196 ATCC 7708 -
V metschnikovii 2338 Hull PHL 19328 River water
V metschnikovii 2484 Maidstone PHL NCTC11170 Cockles
V fluvialis biovar I 5125 Bangladesh NCTC11327 Human faeces
V fluvialis biovar I 2926 Maidstone NCTC11329 Human faeces
V fluvialis biovar I 2088 Ghana 495/D Water
V fluvialis biovar II 2389 Hull NCTC11328 River water
V fluvialis biovar II 2386 Hull 215 River water
V Campbellii 2189 ATCC 25920 Sea water
V nigrapulchrituda 8181 ATCC 27043 Sea water
7 harveyi 6059 NCMB 1280 -
V natriegens 2019 ATCC 14048 Salt marsh mi
V vulnificus 8715 CDC 139629 -
Ident i fication Maidstone
No.
Source Strain No, Isolated from
V albensis 426 NCMB 41 River water
Aeromonas hydrophila 1121 NCTC 8049 Milk
Aeromonas hydrophila 1122 NCTC 7810 Frog ‘red leg
Aeromonas hydrophila 1140 Food Hygiene 
Lab.
6420A2 Prawns
Plesiomonas
shigelloides
7022 Ashford Hosp. 
Middlesex
- Human faeces
Escherichia coli - NCTC 10418 -
Key.:
ATCC = American Type Culture Collection
NCMB = National Collection of Marine Bacteria
NCTC = National Collection of Type Cultures
DRL = Dystentery Reference Laboratory, Colindale 
(Collection of the late Dr P Carpenter)
CDC = Communicable Disease Centers, Atlanta, USA.
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1.3 Cultures of Non-01 V cholerae viere received from the following 
for serotyping:- 
Public Health Laboratory Service England and Wales 
Food Hygiene Laboratory, Colindale, London 
National Collection of Type Cultures, Colindale, London 
Environmental Hygiene Reference Laboratory, Porton Down, Salisbury 
Regional Laboratories 
Cambridge 
Leeds
Manchester 
Newcastle 
Portsmouth 
Sheffield 
Area Laboratories 
Bath
Brighton 
Carl Isle 
Chelmsford 
Chester 
Coventry 
Exeter 
GuIIdford 
Hereford
I
Hull
Ipswich
Leicester
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Public Health Laboratory Service England and Wales 
Area Laboratories (continued)
Lincoln
London - Central Middlesex Hospital 
London - Tooting 
London - Whipps Cross 
Middlesbrough 
Norwich 
Peterborough 
Plymouth 
Poole 
Preston 
Read i ng 
Southampton 
Stoke 
Taunton 
Truro 
^Winchester 
^Northampton 
^Stafford
*These laboratories have been moved or closed since receipt of culture.
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1.4 Hospital Bacteriology Laboratories in United Kingdom 
Ashford Hospital Middlesex 
Bas IIdon Hosp i tal 
Bangor Hospital 
Bolton Hospital 
Bristol, Frenchay Hospital 
Chichester Hospital 
Crawley Hospital 
Chatham, All Saints’ Hospital 
Darlington Hospital 
Dundee Hospital 
Enfield Hospital 
Edinburgh, City Hospital 
Frimley Park Hospital 
Great Yarmouth Hospital 
Glasgow Hospital
High Wycombe Hospital 
Jersey Hospital 
Kettering Hosp!tal 
Kingston Hospital
London St James’s Hospital, Balham 
Brook Hospital 
Greenwich District Hospital 
University College Hospital 
St Bartholomew's Hospital 
The London Hospital 
Charing Cross Hospital 
Royal Free Hospital 
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Hospital Bacteriology Laboratories in United Kingdom 
Northgate Hospital 
Neath Hospital
Northampton General Hospital 
Romford Hospital 
Southend Hospital
Swindon, Princess Margaret Hospital 
Scarborough Hospital 
Stevenage Hospital
Tunbridge Wells, Kent & Sussex Hospital
Wisbech HospItal
Weston Heath Hospital
Windsor, King Edward VII Hospital
Worthing Hospital
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1.5 Cultures of non-01 V cholerae received from the following
laboratories in other countries
1 Department of Microbiology, University of Maryland, USA
2 Department of Health & Human Resources, Division of Laboratory 
Services, New Orleans, USA
3 Division of Laboratory Services, Lake Charles, USA
4 Enteric Diseases Branch: Bacterial Diseases Division
Centers for Disease Control, Atlanta, USA
5 Laboratorium GG en GD, Amsterdam, Netherlands
6 Commonwealth Institute of Health, University of Sydney, Australia
7 Faculty of Medicine, University of Jordan, Amman, Jordan
8 Istituto Superiore di Sanita, Rome, Italy
9 Central Public Health Laboratory, Baghdad, Iraq
10 ICDDR, Dacca, Bangladesh
11 Institute of Public Health of Croatia, Zagreb, Yugoslavia
12 Laboratory Centre for Disease Control, Ottawa, Canada
13 State Public Health Laboratory, Pune, India
14 Al Qassimi Hospital, Sharjah, UAE
15 Awali Hospital, Bahrain
16 Laboratoire Choléra-Recherche, institut Pasteur d ’Algérie,
Alger, Algeria
17 Caribbean Epidemiology Centre, Port of Spain, Trinidad
18 Institute Nacional de la Salud, Madrid, Spain
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1.6 Other Sources of Non-01 V cholerae
1 Dr Richard Daniel, Department of Microbiology, University of
Surrey (Daniel 1981)
2 Dr Paul West, Maidstone Public Health.Laboratory 
Strains Isolated during ecology surveys (West 1980)
3 Food Bacteriology Section, Maidstone Public Health Laboratory
4 Survey of vibrio cholerae In Kent (Lee et al 1982)
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2 Isolation Methods
2.1 Selective Media
The majority of strains used in this study were isolated 
on Thiosulphate Citrate Bile Salt Sucrose (TCBS) Agar, which is a 
selective medium for vibrios (Kobayashi et al 1963).
The formula of the medium is as follows;-
Yeast Extract 5 g
Peptone 10 9
Sodium Thiosulphate 10 g
Sodium Citrate 10 g
Ox Bile 8 g
Sucrose 20 g
Sodium Chloride 10 g
Ferric Citrate 1 g
BromothymoL Blue 0.,04 g
Thymol Blue 0.,04 g
Agar 1,'4 g
Water 1 litre
pH 8.6
The medium is available commercially and should be 
carefully prepared according to the manufacturer's instructions.
Some batches and brands of TCBS are inhibitory and the media should 
be quality controlled (Nicholls Lee and Donovan 1976). The expected 
growth characteristics of vibrios and related bacteria are shown on 
Table 7.
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2,2 Enrichment Media
Alkaline peptone water (APW) was used as an enrichment medium 
in conjunction with TCBS for Isolation procedures at Maidstone 
Public Health Laboratory and by most of the other laboratories 
referring cultures to Maidstone. Single strength APW containing 
]% Peptone and \% Sodium Chloride in deionised water with the pH 
adjusted to pH 8.6 with 2M NaOH and double strength APW containing 
2% Peptone and 1^  Sodium Chloride were used at Maidstone. The 
procedures for the isolation of vibrios from human faeces followed 
the procedures of Furniss and Donovan (1974) and Furniss, Lee and 
Donovan (1978). Procedures for the isolation of vibrios from 
environmental sources such as fresh water, estuarine water, sea foods, 
sediment samples and animal faeces followed the procedures outlined 
in Furniss, Lee and Donovan (1978), West (1980), Lee et al (1982).
124
Table 14 Growth of some vibrios and other bacteria on TCBS 
after incubation at 37°G for 18 hours
V cholerae
V metschnikovii
V harveyi
V parahaemolyticus
V alginolyticus
V Campbell il
V natriegens
V vulnificus
V fluvialis
V nigrapulchritudo
V anguillarum
V mimicus
V damsel a
V hollisae
Aeromonas hydrophila 
Plesiomonas shigelloides
Growth Sucrose fermented Colonial size
mm
+ + 2-3
+ + 2-4
+ V 2-3
+ - 2-5
+ + 2-5
+ - 2-3
+ + 2-3
+ - 2-3
+ + 2-3
0-3
2-3
2-3
0-3
< 1
+ = growth or sucrose fermented
- = no growth or non-sucrose fermenter
V = variation within strains of this species
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3 Identification of Vibrio species
3.1 Preliminary Procedures
Cultures were received at Maidstone in most cases on nutrient 
agar slopes in screw-capped bottles. The cultures were examined by 
eye for visual growth on the surface of the slopes, and a small 
amount of the culture was subcultured to Nutrient Agar (Difco Laboratory 
Inc. Heat Infusion Agar) plates and inoculated to obtain separate 
colonies and incubated aerobically at 30^C for 18-24 hours. Slopes 
showing no growth on visual inspection or after subculture were 
overlaid with APW and then were incubated at 30°C until growth was 
shown by turbidity before subculture to Nutrient Agar plates, if 
no visual growth was seen they were regarded as non-viable.
Nutrient Agar cultures were examined for growth and for variation of 
colonial appearance. Cultures showing signs that they were mixed were 
investigated by subculturing single colonies of the apparent mixtures. 
Vibrios often show considerable colonial variation (Furniss, Lee and 
Donovan, 1978) therefore the selection of more than one colonial form 
from a culture was often performed. The selection of rugose colonies 
was avoided when smooth translucent colonies were also present as 
rugose colonies have been found to be associated with the loss of 
specific 0 antigens (White 1935; Gardner and Venkatraman 1935). The 
oxidase test was carried out by Kova6s method (Cowan 1974) on the growth 
on nutrient agar and if positive cultures were examined by slide 
agglutination with V cholerae 01 antiserum, to aid the early detection of 
V cholerae 01 because of the clinical and epidemiological importance 
associated with the 01 serovar.
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3.2 Characterization Tests
The following tests were performed using the growth on 
nutrient agar as the inoculum:-
Growth on Cysteine Lactose Electrolyte Deficient medium (CLED) (Bevis 1968) 
Oxidation/Fermentation Test using Hugh & Leifson medium (Cowan 1974)
Oxidase test Kovaôs method (Cowan 1974)
Sensitivity to 0/129 (2,4-diamino-6,7 diisopropyl pterldlne)
(Furniss Lee and Donovan 1978)
Decarboxylase tests with L-Tysine, L-arginine and L-ornithine 
(Miller 1955 modified by Furniss Lee and Donovan, 1978)
Peptone Water sugars for the fermentation of Glucose, Arabinose,
Inositol, Sucrose and Mannose (Furniss, Lee and Donovan, 1978) 
Tryptone Peptone Water for indole production. This was tested with 
Kovacs (1928) Reagent,
Nitrate reduction using nitrate broth and testing by the method of 
6rless-Ilosvay modified by Crosby (1967)
Salt Tolerance using sodium chloride concentrations of 0, 3, 6, 8 
and 10^ (Furniss Lee and Donovan 1978)
Voges-Proskauer using semi-solid media (Furniss Lee and Donovan 1978)
The following additional biochemical tests were employed 
to complete the identification of Vibrio species other than V cholerae 
and for the taxonomic stud les;-
Amylase, DNAse, Gelatinase, Chick cell haemagglutination.
Haemolysis using sheep and horse erythrocytes in Brain heart 
thioglychollate cysteine agar, Kanagawa Test, Lecithinase, Lipase, 
Luminescence, Growth on single carbon sources, Swarming, Sensitivity
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to Polymyxin B 50 units. Growth at 30, 37 and 43°C, Acid production 
from the carbohydrates Lactose, Sorbitol and Cellobiose.
All tests were performed according to Furniss, Lee and Donovan (1978),
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4 Preparation of Antisera
4.1 V cholerae Q and R anti sera
Cultures were Incoulated on to Nutrient Agar plates and 
incubated aerobically at 30°C for 18-22 hours. Cultures were 
then examined for smooth colonial forms and if present were sub-cultured 
to Nutrient Broth (Oxoid) and incubated at 37°C for 4 hours. The 4-hour 
Nutrient Broth cultures were used to inoculate 4 Nutrient Agar plates 
by means of a sterile (Exogen) swab dipped into the Nutrient Broth 
culture spreading the inoculum over the whole plate. The Nutrient 
Agar plates were incubated at 30°C aerobically for 18-22 hours.
The growth was harvested by means of a swab gently rubbed over the 
surface, washing the growth off into 5 cm^ of 0.3# Formalin 
(British Drug Houses) in Phosphate Buffered Saline Dulbecco A 
(Oxoid BR14A) (FPBS).pH 7.3. The suspension was lightly vortexed 
and allowed to stand for 30 minutes at room temperature to allow any 
’lumps* to settle out. The suspension was diluted with PBS to a 
cell density of approximately 10®/cm^ in 4 x 25 cm^ volumes and heated 
in a 100°C water bath for 2 hours. The suspension was allowed to cool 
and then washed by centrifuging at 3,100 rpm for 30 minutes removing 
the supernatant and resuspending the cells in PBS; this was repeated 
twice and the cell density was adjusted to 10® organisms/cm® by a 
visual check against a previously prepared standard. Suspensions were 
checked for sterility by culturing 10 yl of the heated washed suspension 
on Blood Agar (Columbia Agar Oxoid 7# defibrinated horse blood) and 
incubated at 30®C aerobically for 24 hours.
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The suspensions were then injected intravenously Into 
'Ranch Rabbits LAC Accredited FI cross high antibody half lops' rabbits 
using the following schedules.
Schedule 1 
0.5 cm®
1.0 cm®
2.0 cm®
4.0 cm®
4.0 cm®
4.0 cm®
Injections given at intervals of 3 days. A test bleed was performed 
3 days after the last injection and if a satisfactory titre was 
obtained the rabbit was exsanguinated 3 days later.
Schedule 2
1st week 0.25 cm®
0.5
1 . 0
2nd week 1.0
1,5 
2.0
3rd week 2.0
2.0 + Test bleed
Exsanguinated if Test bleed satisfactory.
Injections given at intervals of 2-3 days.
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4.2 Evaluation of 0 and R antisera
Sera were evaluated by the following methods:-
a) Slide agglutination using a homologous suspension prepared
by harvesting with a swab an 18-hour Nutrient Agar culture grown at 
30®C, into 1 - 2 cm of FPBS. A loopful of the suspension was mixed
with a loopful of the serum or dilutions of the serum on a slide and 
observed for agglutination for 1 minute.
b) The antigens were diluted from the suspension used for slide
agglutinations to give 10® x 5 organisms per cm® in FPBS.
Dilutions of the sera were prepared in PBS and 25 yl of each dilution 
were added to 25 yl of homologous antigen in Microtitre trays with 
U wells (Sterilin). These were mixed with a Microtitre tray shaker 
(Dynatech) and incubated at 37°C in a sealed plastic container 
containing a small amount of cotton wool saturated with water to maintain 
high humidity. The trays were incubated undisturbed for 18 hours and 
then examined for agglutination by observing button patterns in the 
tray wells using a hand lens (xIO) and a mirror to aid observation.
4.3 V cholerae Antisera preparation (Whole cell)
4.3.1 Method 1
A culture of V cholerae 0 serovar 0 23 (M1050) was selected 
as a immunizing antigen on the basis of high motility and even growth 
with minimum pellicle formation in Liquid cutture. The culture was sub­
cultured several times through standard Craigie tubes (10 cm® 0.3#
Agar Oxoid No 1 in Nutrient Broth Oxoid No 2 toenhance motility.
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Then an actively motile culture was used to inoculate 50 cm® Nutrient 
Broth (Oxoid CM67) in a 100 cm® flask. This culture was incubated at 
37®C with constant mixing (Luckham Rotamixer at lower speed) for 6 
hours. 0.01# Thiomersal was then added to the culture and left at 
room temperature for 18 hours to sterilize the culture. A sterility 
check was performed on the treated culture.
The suspension was then injected intravenously into a rabbit 
using the following schedule.
Day 1 0.5 cm®
4 1.0 cm®
7 2.0 cm®
11 4.0 cm®
14 4.0 cm®
17 4.0 cm®
21 Test bleed
24 Exsanguinated if 'Test bleed’ satisfactory 
4.3.2. Method I I
Cultures of V cholerae 0 serovars 2 (M1029), 7 (M1034),
8 (M1035), 45 (M3396) and 63 (M5630) were subcultured several times 
through standard Craigie tubes to enhance motility and the growth 
from the surface was inoculated by means of a sterile swab onto the / 
surface of nutrient agar plates (six per culture). The nutrient agar 
plates were incubated at 30®C aerobically for 24 hours. The growth was 
harvested using a sterile swab into 10 cm® of PPBS. It was very 
lightly mixed using a vortex mixer and allowed to stand at room
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temperature for 1 hour to sterilize the suspension. The suspension 
was then centrifuged at 5,000 revs/min and the supernatant fluid 
removed and the cells gently resuspended in FPBS andicentrifuged 
again. This procedure was repeated three times. The density of 
the suspension was then adjusted to approximately 10® per cmm by 
comparison with a previously prepared standard, A sterility check was 
performed on the final suspension.
The suspension was then injected intravenously into a rabbit using
the following schedule.
Day 1 0.25 cm®
5 0.5 cm®
9 0.75 cm®
13 1.0 cm®
17 1.5 cm®
22 2.0 cm®+ Test Bleed
25 3.0 cm®
28 Exsanguinated if 'Test Bleed
4.4 Other Vibrio species H anti sera
H antisera for V parai3aemoiyticus(M515, M1225) and 
y alginolyticus (M463, Ml252) were prepared using Method I. H 
anti sera for V metschnikovii (M409), V fluvialis biovar I (M5125) 
and V anguillarum (M1490) were prepared using Method II.
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4.5 H Antisera (Flagellar)
4.5.1 Flagella Preparations
The vibrios were subcultured to the inner tube of a Craigie 
tube. The Craigie tube was incubated at 30®C and the motile cells 
subcultured from the surface growth. This procedure was repeated 
until microscopic examination of surface growth showed a high level 
of motile cells; in practice this required 2 - 3  subcultures.
From the final Craigie tube an inoculum of motile cells was 
inoculated into 20 cm® of Nutrient Broth (Oxoid No 2) and incubated 
at 30“C for 2 - 3  hours. Autoclavable polypropylene trays 30 cm 
X 25 X 5 cm covered with sterile aluminium foil were filled with 
750 cm® of nutrient agar to a depth of 3 cm. The surface was not 
dried and 10 cm® of the 2 - 3  hour Broth culture was spread over 
the surface. The excess fluid was removed and trays were 
incubated at 30°C for 2 days. 2 Trays were used for each culture
and the growth was harvested in 100 cm® of 0.5# Phenol in 0,85# NaCl 
and allowed to stand for 30 minutes. The suspension was homogenised 
in a precooled stainless steel chamber for 45 seconds at half speed 
in an Atomix (Measuring and Scientific Ltd., Crawley, Sussex) 
homogeniser. The cells were removed by centrifugation at 10,000G 
for 45 minutes; this was repeated twice. Flagella were deposited 
by centrifugation at 30,000G for 2 hours at 4 C°in a Spinco Model L
preparative ultracentrifuge. The flagella pellet was opalescent
in appearance and was removed by gently dispersing in PBS after 
removal of most of the supernatant fluid. The flagella preparation
was stored at 4®fë.
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4.5.2 Antisera Preparation
Protein estimations were performed on the flagellar 
preparations using the method of Lowry et al (1951) using an MSE 
spectrophotometer at 750 mn and Bovine Serum Albumen as a protein 
standard. The flagellar preparations were then diluted to 
contain the amounts of protein per cm® as given in the immunization 
schedule and used to immunise rabbits by intravenous injection as 
follows :-
Day 1 100 ug Protein
5 200 yg Protein
9 300 yg 11
13 400 yg II
17 500 yg (1
22 600 yg 11
25 Exsangu inated if
+ Test Bleed
The amounts of flagellar protein used were based on the preparation of 
flagellar anti sera for Pseudomonas aeruginosa by Pitt (1981).
4.6 Evaluation of H antisera
H Sera were evaluated by the following methods.
4.6.1 Slide agglutination methods
a) ' Phenol H Slide Agglutination (Si I and Bhattacharyya 1979).
b) Modified Phenol Slide Agglutination Test.
Growth from an overnight culture at 30®C on Nutrient Agar 
was suspended in 0.5 - 1.0 cm® FPBS in a small vial. The use of a 
sterile swab to remove the growth from the plate was found to yield
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smooth suspensions. A Light vortex mixing also helped. The 
suspension was allowed to stand 20 minutes; this fixed (killed) 
the suspension, and allowed clumps to sediment out.
Two separate loopfuls of the suspension were placed on a 
slide. One loopful of 3# Phenol in 0.9# Sodium Chloride was added
to each suspension and allowed to stand for one minute. Then one
loopful of H serum was added to the first suspension and one 
loopful of FPBS to the second suspension. They were mixed by 
rocking. The H reaction took up to two minutes to develop and 
was finely granular, stringy or floccular in appearance; observation 
with a hand lens was preferable. The controls should remain evenly 
turbid (negative).
4.6.2 Tube Agglut ination
Cultures were prepared as under method b and diluted in 
FPBS to an opacity of approximately 10® x 5 organisms per cm®. 
Agglutination reactions were carried out in 3" x k” tubes with 0.3 cm® 
of serum dilution and 0.3 cm® of suspension added to each serum diluted. 
The tubes were incubated for 18 - 24 hours at 50®C in a water bath.
A control with no serum was used for all test suspensions and a hand 
lens (x 10) was used as an aid to read agglutination results.
4.7 Absorption of Antisera
Equal volumes of sera were mixed with suspensions of the 
absorbing antigens using high cell concentrations of 30 - 50# by volume. 
The dilution of the serum used was based on the agglutinating titre with
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homologous and heterologous antigens. The suspensions were 
heated at low cell density (10® per cm®) for 2 hours at 100®C and 
concentrated by centrifuging when suspensions free of H antigens 
were required or used unheated in FPBS when OH suspensions were 
required. The mixture was incubated at 37°C for 4 hours with gentle 
mixing at 1 hour intervals. When H absorption was required the 
incubation period was extended to 18 hours. The mixture was 
removed and placed at 4®C overnight. The following day the
mixture was centrifuged at 5,000 revs/min for 20 minutes and the
supernatant carefully removed. In most cases the serum was clear
and did not require filtration. Allowance was made for the dilution of
the serum during absorption when preparing serial dilutions for 
subsequent titrations.
4.8 Preservation of Anti sera
All antisera were inactivated by heating at 56°C in a 
water bath and then 0.01# Thiomersalate was added as a preservative.
A small amount of H antiserum was kept without the addition of 0.01#
Thiomersalate for use in immobilization experiments. Stocks of 
sera were stored at -20°C and 'in use' sera were stored at 4®C.
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y cholerae ant I sera from other sources
Producer's description
y cholerae Polyvalent ) 
y cholerae i naba )
y cholerae ogawa )
y cholerae
Group Choiera Serum
y cholerae Group I 
y cholerae i naba 
y cholerae ogawa
y cholerae Poly 
y cholerae ogawa 
y cholerae i naba 
y cholerae hikojima
Choiera 0 Group I
Sources
Wellcome Reagents Ltd 
Wellcome Research Laboratories 
Beckenham, England
Standards Laboratory,
Central Public Health Laboratory 
Colîndale Avenue, London, England
Vibrio Reference Laboratory,
Department of Microbiology,
Jefferson University, Philadelphia, USA
David Bruce Laboratories
East Everleigh, near Marlborough
Wiltshire, England.
Difco Laboratories 
Detroit 
Michigan, USA
State Serum institute, Copenhagen, Denmark
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6 Methods for 0 tvoina V cholerae
6,1 Preparation of suspensions
Before attempting to determine their 0 antigen type, cultures 
were subjected to identification tests as described in the 
identification section to confirm their identification as V cholerae. 
In addition purity checks were also carried out.
The test organisms were subcultured to Nutrient Agar plates 
and incubated at 30®C aerobically for 18 - 24 hours. The Nutrient 
Agar cultures were then examined for colonial variation. If only 
rugose colonies were present a subculture through a Craigie tube 
culture to attempt to select smoother colonies was performed. jf a
mixture of rugose and smooth colonies was present the smooth 
colonial form was selected for the preparation of the test antigen. 
Smooth colonies were harvested into 1 - 2 cm® of FPBS in a small 
vial (stock antigen).
This 'stock antigen' preparation was used for any slide 
agglutination tests performed on strains. From the 'stock antigen' 
preparation a dilute suspension was prepared in 5 cm® of FPBS 
(approximately 10 x 5 organisms/cm®), 2 cm® volumes were removed 
and heated at 100®C for 5 minutes to destroy the FI antigen and 
cooled at room temperature, this suspension was coded 5F,
The unheated portion was coded UH (unheated). All 0 typing sera used 
were tested for agglutination with their homologous 0 antigens by slide 
and microtitre methods of agglutination.
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I6.2 Pools of 0 Anti sera
The 0 typing sera were allocated to serum pools for use in 
a microtitre method and the dilutions of serum employed were based 
on their agglutination reactions with their homologous antigens.
The number of sera in each pool was 4 - 6 as preliminary testing 
showed that increasing the number of anti sera per pool caused a loss 
in specificity.
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Preparation of Pools for Use în 0 Typing 
Microtitre Methods 
The number of sera were between 5 - 6  per pool and in-use dilutions
were 1/40 or 1/20
Pool PBS + 0.01# 
Th iomersalate
1 ' 1 (1) 3 ( 1 ) 4 (1) 6 (1) 12 (2) 20 (2) 12 cm^
2 7 (1) 8 (1) 9 (1) 13 (1) 22 (2) 31 (2) 12 cm^
3 14 (1) 15 (1) 16 ( 1 ) 17 (1) 34 (2) 45 (2) 12 cm^
4 18 ( 1 ) 19 (1) 21 (1) 23 (1) 46 (2) 48 (2) 12 cm^
5 24 ( 1 ) 35 (1) 36 (1) 37 ( 1 ) 49 (2) 53 (2) 12 cm^
6 39 (1) 40 (1) 41 ( 1 ) 42 ( 1 ) 63 (1) 64 (2) 13 cm^
7 43 (1) 44 (1) 47 (1) 50 ( 1 ) 72 (1) 15 cm^
8 51 (1) 52 { 1 ) 55 ( 1 ) 57 (1) 58 (1) 15 cm^
9 59 (1) 60 ( 1 ) 61 ( 1 ) 62 ( 1 ) 65 ( 1 ) 68 (1) 14 cm^
10 69 ( 1 ) 70 ( 1 ) 71 (1) 73 (1) LEN(1) 15 cm^
11 2 (2) 5 (2) 10 (2) 11 ( 1 ) 26 ( 1 ) 32 (1) 11 cm^
12 27 (1) 28 (1) 29 ,(1) 30 (1) 67 (1) 38 (1) 14 cm^
13 76 (.5) 77( .5) 78 (.5) 79( .5) 81( .5) 83 (.5) 17.0 ml
14 25( .5) 33( .25) 56( .25) 75( .5) 18.5 ml
Slide only 54 66 80
( ) = volume in cm^
All sera were added to a pool and the total volume made up to 
20 cm^ with PBS + 0.01# Thiomersalate.
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6.3 Method of Use
Two antisera, 054 and 066, were unsuitable for use in the 
pools, anti serum 054 was too low in titre, anti serum 066 did not 
agglutinate its homologous antigen when in a pool of sera at a dilution 
of 1 in 20, also antiserum 080 only became available after the 
composition of the pools was completed. Therefore these three sera 
were only employed in slide agglutination tests.
For each strain to be typed two full rows of U well microtitre 
tray were used, the sera being added first. In addition two half-rows
were used for Pools 13 and 14, H R and Saline Control (see diagram). 
Volumes used = 25 yl.
The sera were dispensed by 25 yl Microdel Reagent Bottles 
(Dynatech Laboratories) when small numbers of strains were being 
tested or by a Dynadrop MultiReagent Dispenser (Dynatech Laboratories) 
when large numbers of strains were being tested. This was based on 
the method for serotyping salmonella described by Shipp and Rowe 
(1980).
The serum pools correspond with the row numbers
TRAY 1 
Serum Pools 
1 2 3 4 5 6 7 8 9  10 11 12
TRAY 1A 
Serum Pools 
13 14 H R Controls
1 2 3 4 6 6  7 8 9  10 11 12 I Ï 2 3 4 5 6AOOOOOOOOOOOO 1*000000 BOOOOOOOOOOOO hoooooo
The UH antigen was added to row A 25 yl 
The 5F antigen was added to row B 25 yl
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Saline controls were also used for each antigen, and each antigen was 
also tested against H and R antisera.
The tray was mixed gently and incubated at 37°C overnight in a sealed 
plastic container with water added to a tissue at the base to increase 
humid i ty.
Results were read the following day using a hand lens and/or
tray mirror. Positive results were recorded 
++ complete agglutination 
+ strong agglutination /
± weak agglutination 
- smooth button
Strains which showed strong agglutination with both UH and 5F antigens 
with a pool were tested with the single sera contained in the pool.
In addition strains showing strong agglutination with UH antigens and 
weak or no agglutination with 5F antigens were also tested with the
single sera as some strains have been shown to produce thermal
inhibition of 0 agglutination (TIA). The slide agglutination method 
was used with the stock antigen suspension. Strains reacting with one 
serum were reported as that type. Reactions were sometimes found with 
more than one pool and/or single serum, if these were confirmed they 
were recorded as a pattern, eg Pattern 8/40/63. 'Pattern’ results 
were investigated by titrating the sera reacting in the slide test 
with the unknown strain and with the standard antigen suspensions.
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A number of 'cross-reactions’ were known and the following 
pairs of absorbed anti sera were used:- 
02 09
013 029
065 080
034 075
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Plate 1
m
This photograph shows the 25 yl Microdel Reagent Bottles, Ihe U well 
microtitre trays, microtitre reading mirror and the 25 yl dropping
pipettes used.
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Plate 2
a
'I
This photograph shows the Dynadrop MultiReagent Dispenser. 
The serum reservoir is shown on the right and the dispensing
head on the left.
Plate 3
This photograph shows a close-up of the dispensing head with the 
twelve individual reagent-dispensing needles aligned with the
wells in a tray
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7 Methods of detecting the rough (R) antigen of V cholerae
7.1 Agglutination by antisera
The following cultures of V cholerae were used as immunizing
antigens for the production of rough (R) antisera, V cholerae M3405 
and M3583. Both cultures are thought to be derived from cultures 
of V cholerae 01. These cultures show weak or no agglutination with 
V cholerae 01 antiserum but are agglutinated by V cholerae H antlserum 
and are Lysed by V cholerae 01 bacteriophages (Lee and Furniss 1976). 
Anti sera were prepared using the methods described for V cholerae 
0 antisera and employed in the test methods described for V cholerae 
0 antisera.
7.2 Agglutination by Acriflavine
In addition agglutination in the presence of Acriflavine 
was used as a method of detecting the ROUGH (R) antigen. ,
Solutions of Acriflavine (BDH Chemicals Ltd Poole England Product 
No 27043) were prepared in a range of concentrations of 0.4, 0.2,
0.1, 0.05 and 0.025# in PBS and used as in a standard slide 
agglutination method mixing one loopful of the standard suspension 
in FPBS and one loopful of Acriflavine Solution and examining 
immediately for large agglutinated clumps of organisms. The 
yellow staining of the cells aids observation in this test.
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8. 1
Methods for detecting the Flagellar (H) antigens
Methods
The following methods described under the evaluation of 
H anstiera were used;-
Modified Phenol Slide Agglutination Test (see 4.6,1)
Tube Agglutination (see 4.6.2)
8.2 Experiments used to determine the optimum cell density for 
the tube agglutination method were performed by diluting a suspension 
of V cholerae 02 (M 1029) in F PBS until the suspension was adjudged 
to be equal to Tube No. 10 (Wellcome Opacity Tubes) which is said to 
be equal to a cell concentration of 10^  x 1.4 organisms/cm^.
This suspension was read at 550 nm in a MSE Spectron Plus Spectro­
photometer and other antigens were diluted until they gave the same 
reading at 55o nm. It was assumed suspensions had an approximate 
cell concentration of 10^/cm^. Suspensions were then diluted 
to 90#, 80#, 70#, 60#, 50#, 40#, 30#, 20#, 10# of the starting 
concentration. These suspensions were used in the tube agglutination 
method previously described.
8.3 Experiments to determine the optimum culture and treatment 
procedures
Experiments were also carried out on the suitability of the 
following culture conditions and treatment of cultures in the tube 
agglutination test for H antigens. All cultures were subcultured
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through Craigie tubes to select motile cultures prior to use in
the following:-
1 Nutrient Broth incubated at 30°C for 18 hours
2 Nutrient Broth incubated at 30®C for 18 hours then 0,3#
Formalin added.
3 As 1 but washed twice in PBS
4 As 2 but washed twice in TPBS.
5 Nutrient Agar Incubated at 30^C for 18 hours then the growth
harvested into PBS using a sterile swab and diluted further 
in PBS.
6 As 5 except FPBS used instead of PBS.
7 As 5 except washed twice in PBS.
8 As 6 except washed twice in TPBS
9 As 5 except 1.7 cm^ of the thick suspension was added to
0.3 cm of 10# Phenol w/v in distilled water (e 1.5# Phenol) 
mixed and left for 1 minute then 20 cm^ PBS was added, mixed 
and centrifuged at 3,100 (revs per minute) for 20 minutes, the 
supernatant was discarded and the deposit resuspended in PBS 
and used as a Phenol-treated antigen.
10 Nutrient Broth with an agar concentration of 0.4# was incubated
at 30°C for 18 hours and then the growth was harvested into PBS 
using a sterile swab and diluted in PBS for use.
11 As 10 but FPBS used Instead of PBS.
V cholerae 02 (Ml029) and V cholerae 08 (M1035) were the cultures
used in these experiments.
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8,4 Co-agglutI nation
Staphylococcus aureus Cowan 1 strain NCTC 8530 was used to 
prepare Protein A using the method of Kronvall (1973). 1 cm^
volumes of Protein A suspension were added to 0.14 cm^ of V cholerae 
H anti serum and incubated at room temperature for 2’4 hours. The cells were 
then separated by centrifuging at 4000 rpm for 20 minutes and the 
supernatant fluid discarded. The cells were washed in PBS, 
finally resuspended in PBS with 0.01# merthiolate as a preservative.
For use suspensions of v cholerae were tested by a standard 
slide agglutination technique using both suspensions in FPBS and a 
modification of the Phenol slide agglutination method. After 
mixing with serum treated Protein A the mixture was observed for 
co-agglutination for 2 minutes.
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9 Methods used in Heating Experiments on Suspensions of
V cholerae
9.1 H Agglutination Denaturing Experiments were performed 
using a Water Bath (Grant Instruments Cambridge 5B15) set at the 
following temperatures, 65*C, 70°C, 75°C, 80°C, 85*C and 90°C.
Tubes showing agglutination by the previously described tube 
agglutination method were placed in the water bath for 30 minutes. 
After this dénaturation treatment, the tubes were incubated at 
50°C for 18 hours to allow agglutination to re-form.
9.2 Heat Stability of 0 antigens
Heating experiments were also carried out on a selected 
number of V cholerae 0 type test strains that had shown 
differences in their 0 homologous agglutination titres with 
unheated and heated (5F) suspensions during the primary tests on 
antigens in the development of the microtitre 0 typing method. 
Suspensions were placed in a boiling (100 C) water bath (Instrument 
Sanitizer, Thackeray Ltd) for the following periods of time: 1, 2,
3, 4, 5, 30, 60 and 120 minutes. Suspensions were made in both 
PBS (no formalin) and TPBS (0.3# formalin). In addition one 
series of suspensions was washed after the heating by centrifuging 
the suspension at 4,000 rpm for 15 minutes, removing the supernatant 
fluid from the deposited cells and replacing this with PBS and 
resuspending the cells. This process was repeated to give 3 
washings.
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After the various heat treatments the suspensions were 
tested by the microtitre method using serial dilutions of 
homologous 0 antisera to determine the 0 agglutination titre, 
also the suspensions were tested for the presence of the R and H 
antigens using R and H antisera. A series of heated suspensions 
was also tested for their ability to adsorb homologous 0 agglutinins 
by concentrating the heated suspensions by centrifuging and then 
using the adsorption method previously described.
9.3 Heat Stability of H antigens
V cholerae 02 (M1029) which was shown by previous experiments 
to give strong H agglutination was heated within the range 50°C - 
100°C for both 5 minute and 30 minute periods and then the heated 
suspensions were tested with homologous 0, H and R anti sera using 
agglutination methods.
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10 Use of Evans Blue as an antigen and solution stain
In view of the difficulties of pipetting small volumes 
of relatively colourless reagents the addition of Evans Blue due 
(George T Gurr) to a final dilution of 1:75,000 was evaluated as an 
aid to the problem of observation when using microtitre trays 
(Coupland 1978).
11 Phage Typing
The method used, Lee and Furnlss (1976), Furniss, Lee and 
Donovan (1978) Lee and Furntss (1981) was based on earlier work 
by Mukerjee Guha and Guha Roy (1957) and Basu and Mukerjee (1968) 
and developed for use with V cholerae serovar 01 of both classical 
and el tor biotypes.
12 Toxin Tests
Tests for the Biological Activity of strains of non-01 
V cholerae were performed by Dr Richard Daniel at the Cholera 
Research Laboratory, Dacca, Bangladesh, using the methods described 
in Daniel (1981) and Spira et al (1979).
Strains of V cholerae were allocated into the following 
groups based on their biological activity:- 
Cholera-like toxin producer 
Heat-stable Enterotoxin producer 
Enteritis without either toxin 
Inactive in the biological assays
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13 Preparation of Antigenic Extiraets
13.1 Cultures used
The following cultures were used:-
V cholerae serotype Maidstone Vibrio Number
02 1029
08 1035
09 1036
045 3396
063 5630
R 3583
01 inaba 675
01 ogawa 674
The following methods of extraction were used.
13.2 Ultrasonic disintegration (US)
Cultures were grown on nutrient agar (Difco Heart Infusion 
Agar) plates at 37®C for 20 hours and harvested to Formal Phosphate 
Buffered Saline (FPBS) to give a dense suspension. The suspensions 
were treated with an ultrasonic probe using an MSE Soniprep Ultrasonic 
Disintegrator. The suspensions were surrounded with ice to reduce 
heat gain and subjected to short treatments of 20 seconds with an 
Interval of 1 minute between treatments at amplitudes of between 
4 - 8  for a total treatment time of 270 - 300 seconds. Termination 
of treatment was judged by macroscopic ’clearing' of the suspension. 
Treated suspensions were centrifuged at 6,000G for 30 minutes
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to remove cell debris. Gram stained films of the deposits showed 
cell debris and few intact cells. The supernatant fluid was 
retained as the extract. Sterility checks of the treated 
suspensions showed no bacterial growth.
13.3 Mickle Extraction (M)
Suspensions were prepared in FPBS and shaken in a Mickle 
tissue disintegrator for 30 minutes at room temperature with fine 
glass beads.
Treated suspensions were again centrifuged at 6,000G for 30 mins 
and a larger number of intact cells were found in the deposit than 
after ultrasonication. Sterility checks showed no bacterial growth. 
The supernatant fluid was retained as the extract.
13.4 0 Antigen Extraction 10Q°C (0)
The culture was grown at 37°C on nutrient agar for 18 hours.
The growth from one plate was harvested into 2 cm^ of Phosphate 
Buffered Saline (PBS), shaken and centrifuged at 3,000G for 30 mins, 
the supernatant removed and the deposit resuspended in 1 cm^ PBS and 
heated at 100°C/1 hour and then centrifuged at 3,000G for 30 mins; 
the supernatant was retained as the extract.
13.5 Broth culture extract (Broth)
The culture was inoculated to 10 cm^ of Nutrient Broth 
(Oxoid No 2 CM 67) and incubated at 30°C for 20 hours and centrifuged 
at 3,000G for 30 mins. The supernatant was retained as the extract.
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13.6 Cold Saline Extract (PBS)
The culture was grown at 37®C on nutrient agar for 18 
hours. The growth from one plate was harvested into 4 cm^ of PBS 
and left at 4°C for 3 days and centrifuged at 3,000G for 30 mins 
and the supernatant retained as the extract.
13.7 Cold Formal Saline Extract (FPBS)
The method of preparation was identical to PBS except 
Formal Phosphate Buffered Saline was used.
13.8 Cold Distilled Water Extract (Water)
The method of preparation was identical with PBS except 
sterile distilled water was used.
13.9 Crude Flagellin Extraction (H)
The method of Shimodaet ai( 1)976) was followed using growth 
from a 24 hour culture on nutrient agar grown at 30°C In PBS and 
heated to 65°C for 10 mins to attempt to solubilize the flagellin.
13.10 Lipopolysaccharide (LPS)
The method of Westphal and Jann (1965) was used. Growth
from four plates of nutrient agar incubated at 30®C for 18 hours
was harvested into 10 cm^ of sterile distilled water and mixed
using a Vortex mixer (Vortex Genre Scientific Industries Inc.).
10 cm^ of 90# Phenol at 67®C was added. The mixtures were placed
in a water bath at 67°C for 30 mins. The mixtures were constantly ,
. - ;inverted to produce an emulsion during this time. The mixture w’as -
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cooled and then centrifuged at 3,000G for 30 mins, the upper 
aqueous extract was dialysed against distilled water until the 
dialysing watef appeared free of phenol. A solution of sodium 
acetate was added to give a 3# w/v and then 6 volumes of absolute 
alcohol were added. The mixture was left at 4°C for 1^2 hours to 
allow the precipitate of LPS to develop. The precipitate was 
separated by centrifuging at 6,000G for 30 mins. The supernatant 
fluid was removed and the deposit allowed to drain by inverting 
the bottle over filter paper. 1 cm^ of PBS was added to dissolve 
the LPS and any insoluble matter was removed by further centrifugation,
14 Preparation of anti sera from extracts
Ultrasonic extracts of V cholerae 02, 045, 063 and R were 
diluted to Protein concentration of 200 pg/cm and rabbits were 
injected by the intravenous route with the following doses 
1st week 0.25 cm^ 0.25 cm^ 0,25 cm^
2nd week 0.5 cm^ 1.0 cm^ 1.0 cm^
3rd week 2.0 cm^ 2.0 cm^
There was an interval of 2 - 3 days between each injection and a 
test bleed was performed after the final injection and if a 
satisfactory result was obtained the rabbit was exsanguinated 3 
days later.
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15 Immunodiffusion Methods used in examining extracts
15.1 Double Diffusion (DP)
These tests were carried out in plastic 5 cm diameter Petri
dishes using 6 mm wells cut 7 mm apart in (Oxoid) Purified Agar
used at 1# concentration in PBS pH 7.4. A volume of 5 cm^ 
per dish was used giving a depth of 2 mm. The volumes of extracts 
and sera used were 40 pi per well. The preparations were incubated 
at 37^0 for 2 days and then at 25°C for 5 days. Readings for lines of 
preciptation were made after 1, 2 and 7 days.
Tests were also carried out using microscope slides 75 mm x 
25 mm with 2 cm^ of agar and well size of 2 mm. Volumes of reagent 
used were 5 pL.
15.2 Countercurrent Immunoelectrophoresis (CIE)
A study of the parameters governing conditions necessary to 
obtain satisfactory and reproducible results with vibrio extracts 
and antisera was undertaken before the following method was adopted.
A Shandon Electrophoresis Chamber Model No 600 was used.
The buffer used in the chamber was (Oxoid) Barbitone Acetate Buffer 
pH 8.6 at Ionic strength 0.1 with 0.01# Merthiolate added.
Slides 10 cm x 10 cm were coated with 20 cm® of 1# (Oxoid) Purified 
Agar in Barbitone Acetate Buffer ionic strength 0.025, The well 
size used was 3 mm and the distance between wells was 4 mm. The 
position of the wells is given in Figure A1. The volume of extracts 
and sera used were 10 Pi. The sera were placed on the anode side 
and the extracts on the cathode side. The running time was 50 mins
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at a voltage setting of 50 volts (5 volts per 10 mm of agar) using 
constant current setting which gave an mA reading of 12 (1.2 mA per 
100 mm of agar). Readings were made at the end of the 50 minutes 
and also after cooling at 4°C for ^ - 1 hour.
15.3 Immunoelectrophoresis (1ER)
A limited investigation of test conditions was undertaken 
before the following method was selected.
Microscope slides 75 mm x 25 mm were coated with 1.5#
(Oxoid) Purified Agar in Acetate Barbitone Buffer pH 8.6 ionic 
strength 0.025. Wells were cut of 2 mm size and filled with 7 pi 
of Antigen extracts. After electrophoresis in the Shandon 
Electrophroesis Chamber Model 600 a central trough 2 mm x 65 mm 
was cut, removed and filled with 40 pi of serum. The running time 
was 2 hours at constant current setting of 50 volts at 22 mA for 
six slides giving 3 volts per 10 mm of agar. After the serum 
was added to the centre trough the slides were incubated at 37°C 
for 48 hours in a sealed moist container before examination for 
precipitation lines.
15.4 Staining of Precipitation Lines
Slides and dishes were soaked in Barbitone Acetate Buffer 
for 24 hours and then in distilled water for 24 hours. Excess 
water was allowed to drain off and then in the case of slides 
they were pressed dry in between filter paper with a heavy objectt 
on top. The double diffusion petri dishes had the gel carefully
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cut to remove the gel to filter paper before pressing. Gèls 
were finally dried by placing in a drying cabinet (LEEC) for 15 
minutes at 45 C. The dried gels were then stained with Coomassie 
Brilliant Blue R250 solution (Mercia Brocades M64) for 5 minutes 
and then washed and immersed in a decolourising solution of Ethyl 
Alcohol 9 parts, Acetic Acid 2 parts. Distilled Water 9 parts for 
5 minutes and finally immersed in Distilled Water for 5 minutes, 
allowed to drain and left to dry at room temperature.
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Figure 1
I.E.P
G .I.E.
D.D.
Key
lEF = Immunoelectrophoresis
CIE = Countercurrent
ImmunoeLectrophores is
DD = Double Diffusion
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16 MûtIllty Methods
16.1 Microscopic
Microscopic examination for cellular motility was performed 
using a Wild M20 Research Microscope with the following combinations 
of objectives, eyepieces and condensers.
Object i ve Condenser
Wild lOx Fluotar Wild Universal Bright field
Wild 20x Fluotar Phase Wild Phase contrast
Wild 40x Fluotar Wild Bright field
Wild lOOx Fluotar Phase Wild Phase contrast
Eyepiece 
15 X compensating 
15 X compensating 
15 X compensating 
15 X compensating
The following microscopic preparations were used to examine cultures 
grown under various cultural conditions:- ,
Thin fluid preparations using both 3" x 1" Microscopic slides 
with and without a concavity with a coverslip and vaseline to obtain 
'hanging drop' preparation were used.
Kova-Slide (ICL Scientific) plastic combination coverslip 
microscopic slides were also used.
16.2 Growth in semi-solid media
The following media were used to study motility by observing 
the nature and speed of growth in semi-solid growth systems.
16.2.1 Nutrient Gelatin Agar (Edwards and Ewing, 1972).
Peptone
Meat Extract
Sodium Chloride
Gelatin
Agar
Distil led Water 
pH adjusted to 7.4
10 g
3 g 
5 g 
8 g
4 g
1 litre
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The medium was prepared and distributed in 20 cm volumes Into 9 cm 
petri dishes.
16.2.2 Other Mot 11ity Media
A2 Nutrient Broth + 0.2,^ "- Agar (Oxoid No 3)
A3 Nutrient Broth + 0.3# Agar (Oxoid No 3)
A4 Nutrient Broth + 0.4# Agar (Oxoid No 3)
A5 Nutrient Broth + 0.5# Agar (Oxoid No 3)
A6 Nutrient Broth + 0.6# Agar (Oxoid No 3)
The media were prepared and distributed in 20 cm® volumes into 9 cm 
petri dishes and 80 cm3 Into 4 oz glass bottles with a screw cap.
The media were prepared with 2, 3, 5 Triphenyl trI phenyl tétrazolium chloride 
(TTC) at 0.005# and without TTC. A glass tube 120 mm x 6 mm was used 
in the 4 oz glass bottles forming a large Craigie tube.
16.2.3 Standard Craigie Tubes
10 cm 3 of 0.3# Agar (Oxoid No 1) in Nutrient Broth (Oxoid No 2) 
with a glass tube 50 mm x 6 mm enclosed in a 1 oz glass bottle 
(Universal Container).
All media were sterilized by autoclaving at 10 lbs pressure 
for 15 minutes, allowed to cool before use.
17 immobilization by Anti sera
17.1 Microscopic Method
Cultures were grown in Nutrient Broth and 40 y I volumes were 
placed in the wells of a tissue culture tray (llnbro 1SFB96TC),
10 y I of serum were added to test wells,a control well with no
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addition of serum was used for each test. The tray was incubated 
at 3QQC for 15 minutes and then examined microscopically for 
immobilized cells.
All sera used In immobilization studies contained no preservative.
17.2 Growth in semi-solid media
Semi-solid Nutrient Agar (0,3# Oxoid No 3 L13) in Nutrient 
Broth (Oxoid No 2) was melted by placing in a boiling water bath for 
15 minutes and then placed in a 50°C water bath for 30 minutes.
100 yl of serum was added to 20 cm^ of the molten semi-solid agar, mixed, 
10 cm® was removed and mixed with another 10 cm^ of molten 
semi-solid agar, this was repeated to give serum dilutions of 
1:200, 1:400, 1:800, 1:1600, 1:3200, 2 cm^ amounts of each dilution
were placed into 4 10 x 75 mm sterile glass tubes and allowed to
set at room temperature. The series of dilutions were inoculated 
with a straight wire to give a central line of inoculation using a 
3 - 4  hours culture of the vibrio in Nutrient Broth as the inoculum.
A central tube containing semi-solid media with no serum was included.
The inoculated tubes were incubated at 37°C for 18 hours. The tubes 
were then examined for motility shown as diffuse growth 
throughout the tube or immobilization as shown by growth restricted to 
the central line of the inoculum.
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18 FLagella Staining
A modification of Fontana's silver plating method was used 
(Rhodes 1958).
Reagent 1) Ferric tannate mordant.
To 10 cm® of 10# (w/v) tannic acid were added 5 cm® saturated 
aqueous Aluminium Potassium Sulphate followed by 1 cm® saturated 
solution of aniline in water; the curd which formed was 
redissolved by shaking. The addition of 1 cm® 5# (w/v) 
ferric chloride gave a black solution which was allowed to stand 
10 minutes before use.
Reagent 2) Ammoniacal silver nitrate solution.
From 100 cm® of a 5# (w/v) aqueous solution of silver nitrate 
10 cm® were set aside. Concentrated ammonia solution 
(SCO 88) was slowly added to the 90 cm® portion until the 
brown precipitate just redissolved. Drops of the 10 cm® 
sample of silver nitrate solution were then added until the 
solution remained faintly cloudy, even after shaking. The 
final solution remained stable if stored in a dark bottle, 
for several weeks.
Growth from agar plates or broth cultures was added to distilled 
water to give a faint turbidity only, care being taken to avoid damaging 
flagella by excess pipetting. A 4 mm loopful of the suspension 
was transferred to a previously chromic acid-cleaned slide and allowed 
to air dry. The film was then covered with Reagent 1) for 5 minutes. 
The slide was then thoroughly washed with distilled water and the 
film covered with Reagent 2) which had been heated to 100°C before use.
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Reagent 2) was left in contact for 3 - 5  minutes. The slide was 
thoroughly washed with distilled water and allowed to dry in air In a 
sloping position. When dry it was examined with a Wild M20 Research 
Microscope using a lOOx Fluotar Objective 15x eyepieces and a phase 
contrast condenser,
19 Electron Microscopy
ALL preparations were suspended in 0.5# formalin in PBS and 
added to Formvar-carbon coated copper grids allowed to stand 1 - 3 
minutes, and then the excess supension removed, and then a drop of 
0.75# phosphotungstic acid was added and left for 5 minutes. The 
excess was removed at the end of this time and the grids were 
examined by Mr A Porter at the Electron Microscope Unit of the Virus 
Reference Laboratory, Central Public Health Laboratory, Col indale.
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RESULTS
1 Biochemical and Physiological Tests on a selection of strains
of vibrio cholerae
A selection of strains of V cholerae 01 of both classical 
and el tor biotypes and strains of Non 01 V cholerae which included 
representatives of strains conforming to Heiberg biochemical groups 
I, II, and V (1935) were selected from the Maidstone vibrio culture 
collection for this study. The cultures were verified as v cholerae 
by the use of characterization tests listed in table 5, and purity 
checks were performed before strains were included in the study.
The selection of the tests used included tests known to aid 
differentiation of the classical and eltor biotypes of V cholerae 
01 (Table 3) and the tests used to distinguish the Heiberg biochemical 
groups (1935)(Table 1). The results of these and other tests are 
shown in Table 15.
The tests considered to be of value in the biochemical 
subdivision of the species V cholerae are shown in Table 16.
Heiberg biochemical group V (1935) strains of V cholerae 
are clearly distinguished from all other strains by their failure 
to ferment sucrose, absence of Amylase production, no growth at 45°C 
and growit.h on glucpronate. Negative VP reaction and chick cell 
agglutination and sensitivity to Polymyxin B also aid in distinguishing 
Heiberg V strains from Heiberg I and il strains and eltor biotypes. 
These findings are in agreement with Davis et ai (1981) who proposed 
the separation of Heiberg group V from other strains of V cholerae 
to new species which they had named 7 mimicus.
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V cholerae 01 strains could be subdivided into classical 
and eltor biotypes using the chick cell agglutination test, VP 
reaction, Polymyxin B sensitivity and growth at 45“C. Tests for 
haemolysis were not considered to be valid for distinguishing 
between recent isolated of eltor biotypes and standard Classical 
biotypes, because recent isolates of eltor biotypes from patients 
infected in Africa and the Indian sub-continent give haemolysis 
results almost indistinguishable from classical biotypes but in 
other tests are typical eltor biotypes, (Furniss Lee and Donovan 
1978), In addition although the hameolysis test in this study 
gave negative results with most V cholerae 01 strains and positive 
results with most Non-01 V cholerae strains it would be unwise to 
use this test as a significant distinguishing test as recent 
environmental strains of V cholerae 01 (Bashford et al 1979) 
and human isolates of V cholerae 01 in the USA are strongly 
haemoLytic (Maidstone Public Health Laboratory Results unpublished; 
Blake et ai 1980).
The only clear distinguishing character between Heiberg Group 
I I ,  Heiberg Group I and 7 cholerae oi  eltor biotypes is Lack of 
mannose fermentation. There was no clear distinguishing character 
between 7 cholerae 01 eltor biotypes and Non-01 7 cholerae,
Heiberg Group I strains.
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Table 15 Characterization within V cholerae
V cholerae 01 Non-01 7 cholerae
classical eltor Heiberg Heiberg Heiberg
I II V
Number of strains 22 21 30 25
Test used
Growth on TCB5 + + + + +
Acid from Sucrose TCBS + + + + -
Acid from Glucose + + + + +
Sucrose + + + + -
Mannose + + + - +
Arabinose - - - - -
Lacto&e ±(6) ±(4) ±(6) ±(5) ±(4)
Sorb i toi - - -(1)
CeIlobiose - - v(12±)
Sensitivity to 0/129:
10 yg + + +
150 yg + + + + +
Sensitivity to
Polymyxin B 50 units + - -(5) v(13) +(22)
Growth in NaCl; % 0 +(6) +(21) + + +(24)
3 + + + + +
5 +( 5 ) + + + +
6 -(2) +(21) +(19) + +(21)
7 - -(4) vdO) vdO) -( 1 )
8 — — — (2 ) — (2 ) —
±126) +/±(22)
+ (28)
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Table 15 (continued)
Number of strains
V cholerae 01 Non-01 V cholerae
classical eltor Heiberg Heiberg Heiberg
I II V
22 21 30 25
Test used
Lipase (Tween 80) +(6)
Lipase (Tween 20) +
Amylase +
Haemolysis (BHTCA)
Horse +(4)
Sheep
Chick cell 
agglutination
VP glucose-phosphate -(1)
(]% NaCl)
Growth at 45°C
43°C +(5)
37°C +
+ (4) 
-(1)
30°C
20°C
Growth on ceI Lobiose
sucrose +
L-alanine +
arginine
proline v(5)
glycine +(6)
D-alanine
aspartate v(5)
glucuronate
citrate v(5)
+ +(20)
+ +
+ v(16)
+(20) +(19)
-(4) +(20)
+(19) v(9)
+(21) v(16)
+(20) +(18)
+ +(20)
v( 10) 
+ (2 1 ) 
+ ( 2 1 ) 
+ (19) 
+ (2 0 ) 
+ (2 0)
+ ( 2 1 )
v(5)
+
v( 14) 
v( 10) 
+
+ (19) 
+ ( 19) 
+
-(3)
+(29) v(18)
+(27) +(24)
+(26) -(1)
+(28) v(7)
+(29) +
v(15)
+(25) -(1)
+(26) -(3)
+ +(23)
-( 1 )
+
v( 17) 
v(7)
+ (28) 
v( 19)
+
+ (27) 
-(4)
-( 1 )
+ (20) 
v(12) 
+
v(8)
+ (23) 
+
+ (2 1 )
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Table 15 (continued)
Number of strains
V cholerae 01 Non-01 V cholerae
classical .eltor Heiberg Hejljerg Heiberg
22 21 30 25
Test used
Growth on: 
a keto gluterate
propionate
butyrate
ethanol
Acid from starch 
Gluconate oxidation
v(5)
v(2) -(2 ) v(8) v(14) v(11)
v(7)
, v(IO)
•( 1 )
Key: + = positive or sensitive
- = negative or resistant
± = delayed weak positive
() = number of strains positive
V = 20-80# of strains positive or negative
If no brackets after + or - reaction all strains were + or -v
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Table 16 Differentiation within the species 7 cholerae
V cholerae 01 Non-01 7 :aholerae 
classical eItor I I I V
Acid/growth Sucrose
Amylase
Mannose
Sheep cell Haemolysis 
(BHTCA)
Growth on Glucuronate
Voges Proskauer
Chick cell agglutination
Polymyxin B sensitivity
Growth at 45°C
Key: positive or sensitive 
negative or resistant 
20-80# of strains positive or negative
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2 Phage Typing
Vibrio cholerae 0 antigen test strains 2-40 were tested with 
the vibrio cholerae 01 phage-typing scheme of Lee and Furniss (1981) 
The results are shown in table 17,
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Table 17 Phaae Typing of 7 cholerae Q antigen test strains
VL No 0 Antigen Sensitivity at RTD to Bacteriophages
1029 2 Not sensitive
1030 3 Not sens itive
1031 4 Not sensitive
1032 5 Sens itive to e5
1033 6 Sens itive to III
1034 7 Not sensitive
1035 8 Sensitive to IV
1035 9 Sensitive to 1 and e4
1037 10 Not sensitive
1038 11 Not sensitive
1039 12 Not sensitive
1040 13 Sens itive to 111..
1041 14 Not sensitive
1042 15 Not sensitive
1043 16 Sens itive to e5
1044 17 Not sensitive
1045 18 Not sensitive
1046 19 Not sensitive
1047 20 Not sensitive
1048 21 Not sens itive
1049 22 Not sensitive
1050 23 Not sensitive
1051 24 Sens itive to III
10-52 25 Not sens itive
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Table 17 (continued)
VL No 0 Antigen Sensitivity at RTD to Bacteriophages
1053
1054
1055
1056
1057
1058
1059
1060 
1061 
1062
1063
1064
1065
1066 
1067
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
Not sensitive 
Not sens itive 
Not sens itive 
Not sensitive 
Not sens itive
Not sensitive 
Not sensitive 
Not sens itive
Not sensitive 
Not sens itive 
Not sensitive
Sens itive to i1i and e5
Sens itive to Ii i 
Sens itive to e5
Sensitive to iV
Not Sensitive No Lysis at Routine Test Dilution (RTD) with 
the following phages of Lee and Furniss, 1981:
I y il, Ii i, IV = classical biotype phages 
e4, e5 = eltor biotype phages
3, 32, 57, 4996, 13, 14, 16, 24 = additional phages
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Twenty eight strains of the 0 Antigen test strains of 
V cholerae were not typable at RTD with the phage set. Eleven 
strains were sensitive to phages at RTD. Four strains of 0 types 
6, 13, 24 and 32 were only sensitive to the classical phage iV and 
three 0 types were only sensitive to the Eltor phage 5. These 
findings are similar to results obtained with the examination of 
433 strains of Non-01 V cholerae in which 369 (85#) were not typable 
and 18 (4#) were sensitive to Classical phage Mi and 12 (3#) were 
sensitive to Eltor phage 5 (J V Lee personal communication). The 
low incidence of sensitivity to the phages amongst Non-01 V cholerae 
strains is in sharp contrast to the results with V cholerae 
01 strains, where Lee and Furniss (1981) found only 1# of strains were 
not typable and twenty four different patterns of phage sensitivity 
were found.
No further work with regard to phage typing of non-01 strains 
of V cholerae was undertaken, as it seemed unlikely to be of value 
in distinguishing strains with the current set of phages, which 
were selected for use with 01 V cholerae strains.
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3 Production and Examination of Antisera for V cholerae Q types
3,1 V cholerae 01
Antisera were raised using the following cultures as immunizing 
antigens following the method described for 0 antisera production 
using immunizing schedule 2.
V cholerae 01 subtype Ogawa VL No 674
V cholerae 01 subtype Inaba VL 675
V cholerae 01 subtype Ogawa VL 6009
V cholerae 01 subtype Inaba VL 7306
Cultures VL674 and VL675 are standard v cholerae 01 cultures of the 
classical biotype, recommended as immunizing antigens for anti sera 
production by Sakazaki and Tamura (1971). Culture VL6009 was an 
environmental isolate from a brackish drainage ditch in Kent 
(Bashford et al 1979) and culture VL7306 was an environmental isolate 
from Chesapeake Bay USA (Colwell et ai 1980). Neither environmental 
Isolate produces cholera toxin (Kaper, Moseley and Falkow 1981) and 
both are eltor biotypes.
The antisera produced gave the following results when tested 
with unheated antigens, the results are expressed as a reciprocal of 
the final dilution showing agglutination.
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Antiserum V cholerae 01 antigens
VL675 VL674 VL6009 VL7306
Inaba Ogawa Ohawa Inaba
VL675 inaba 1280 640 NT NT
VL674 Ogawa 160 2560 NT NT
VL6009 Ogawa 40 320 640 NT
VL7306 inaba 2560 NT NT 5120
NT = Not tested
The antisera were tested by the slide agglutination method 
and gave strong agglutination with both homologous and other 01 
cultures of V cholerae.
Polyvalent 01 V cholerae antiserum, which is a serum that 
will react strongly with both Ogawa and Inaba subtypes was prepared 
by mixing equal volumes of VL675 Inaba and VL674 Ogawa antisera.
The polyvalent 01 antiserum gave the following results with 01 
antigens when tested by the microtitre method.
V cholerae 01 Anti cens Reciorocal of last dilution
VL Number Subtype showing agglutination
' 675 i naba 640
674 Ogawa 1280
6009 Ogawa 2560
7306 1 naba 1280
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in addition the polyvalent 01 V cholerae anti serum was tested by the 
slide agglutination method with V cholerae 0 antigens 2 - 83 with 
negative results. The polyvalent 01 antiserum was also tested 
against V cholerae R antigens VL3405 and 3503 by slide and 
microtitre methods, by the tube method for H agglutinins using
V cholerae 02 VL1029 as the OH antigen; these tests gave negative 
results. The polyvalent V  cholerae 01 anti serum was shown to be 
specific for V cholerae 01 antigen of both subtypes and has been 
used to screen V cholerae cultures submitted to the Vibrio Reference 
unit at Maidstone for the last 18 months without any indication
of lack of specificity or sensitivity.
The 01 anti sera produced by using the environmental isolates 
VL6009 and VL7306 appeared to be similar to that produced by standard 
immunizing antigens, which helped to confirm that these environmental 
01 isolates are antigenically indistinguishable from 01 v cholerae 
strains isolated from patients.
3.2 V cholerae 01 subtypes Ogawa and Inaba
Anti sera produced using the standard 01 strains were used 
as a basis for preparing absorbed antisera. Suspensions of
V cholerae 01 Ogawa VL674 were used to absorb the v cholerae 01 
Inaba serum and suspensions of V cholerae 01 Inaba VL675 were used 
to absorb the V cholerae 01 Ogawa serum. Results of the first 
absorption of each serum were as follows;-
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Serum Absorbed with
VL674 Ogawa VL 675 inaba
VL675 inaba VL674 Ogawa
Antigen 
VL674 Ogawa
640
10
Antigen 
VL675 inaba
<10
160
The VL674 Ogawa absorbed anti serum was tested with a range 
of Ogawa and inaba cultures by the slide agglutination method and 
gave strong agglutination with all Ogawa cultures and negative 
results with all inaba cultures. The VL675 Inaba absorbed antiserum 
was also tested with a range of Ogawa and inaba cultures. The 
Inaba antiserum gave strong agglutination with all inaba cultures but 
also gave weak agglutination with some Ogawa cultures and therefore 
lacked specificity. The absorption work on the Inaba antiserum 
was therefore expanded by using double absorption and including a 
different absorbing culture. The results obtained were as follows:-
Ant iserum Absorbed with Number of Antigens
absorptions VL675 inaba VL674 ogawa
A VL675 i naba VL674 ogawa 1 160 10
B VL675 i naba VL674 ogawa 2 40 <10
C VL675 i naba VL674 ogawa 3 10 <10
D VL675 i naba VL6009 ogawa 1 320 40
E VL675 i naba VL6009 ogawa 2 20 <10
F VL675 inaba VL6009 ogawa 3 <10 <10
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These results indicated that the serum produced by 
absorption B using a double absorption were the most promising 
with regard to specificity and sensitivity. Therefore the serum 
from absorption B was tested by a slide agglutination method with 
a range of inaba and Ogawa cultures. The Inaba-absorbed anti serum 
gave moderate agglutination with all Inaba cultures and no 
agglutination with Ogawa cultures. Further preparations of Inaba- 
absorbed anti serum have shown some variation from the results 
obtained during these absorption experiments probably indicating 
slight differences In the cell density of the absorbing culture, 
indicating the need to test the absorbed anti serum at various 
stages of absorption and balance sensitivity with specificity.
The difficulties encountered with the preparation of Inaba- 
absorbed anti serum have also been found by other workers 
(Sakazaki and Tamura 1971) and is also illustrated in the section 
on the examination of V cholerae anti serum from other producers.
3.3 V cholerae Q  types 2-83
Attempts to prepare 0 antisera for 0 types 2-83 were 
initially made using immunizing schedule 1 which Is a modification of 
Sakazaki et al (1970) method. in a number of cases, antisera of low 
agglutinating titre were produced by this method. it was also 
noted that the 0 agglutinating titre of the final bleed was often 
lower than that obtained at the test bleed. Therefore Immunizing 
schedule 2 was designed to overcome this reduction, by shortening 
the period between the final immunizing injection and the bleed out, 
by giving a further immunizing injection at the time of the test
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bleed followed by only an Interval of 3 - 4 days before the 
final bleed. In Tables 18 and 19 examples are shown of 
antisera production with both immunizing schedule.
182
Table 18 Examples of ^  cholerae q antisera production
Antiserum Schedule Titre at Test Bleed T'itre at Final Bleed
014 1 640 80
015 1 160 80
017 1 160 80
062 1 80 20
04 2 160 160
029 2 640 640
038 2 640 640
040 2 640 320
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Table 19 y cholerae Q Anti sera - Comparison of Immunizing Schedules
Anti serum Schedule 1 Schedule 2
 ________  Test Bleed Titre . Final Titre Test Bleed Titre Final Titre
02 160 80 320 160
03 640 320 640 2500
04 - 160 160 160
05 320 320 40 80
010 " 40 80 160
Oil 80 80 640 320
025 - 10 320 320
028 - 1280 640 640
029 - 640 640 640
033 - 640 2500 2500
038 - 320 640 640
040 - 320 640 320
054 ” <10 160 80
056 - 320 2500 2500
063 40 20 640 320
072 - 40 320 640
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It was decided to use schedule 2 for all future 0 anti sera 
production which included antiserum for additional 0 types 76-83 
and for replacement of previous antisera which were low in stock 
or agglutinating titre.
Table 20 shows the antisera in use at present with the 
reactions with homologous and heterologous 0 antigens.
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Table 20 V cholerae 0 anti sera 2 - 8 3
0 ant I sera 
2
3
4
5 
60
7
8
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
Homologous titre 
160 (2)
2500 (2)
160 (2)
80 (2)
320 (1)
160 (1)
640 (1)
Heterologous 
0 reactions.
1280 (1) 
160 (2) 
320 (2) 
640 (1) 
640 (1) 
80 (1) 
320 (1) 
80 (1) 
160 (1) 
1280 (2) 
160 (1) 
320 (1) 
160 (1) 
320 (1) 
640 (1) 
1280 (1)
16
24
11
2
il
5
Titres
80
40
40
10
20
320
320
160
40
52
72
160
40
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Table 20 (continued)
0 anti sera Homologous titre
Heterologous
0 reactions Titres
25 320 (2)
26 640 (1)
27 160 (1)
28 640 (1)
29 640 (2)
30 1280 (1)
31 160 (1)
32 320 (1)
33 2500 (2)
34 1280 ( 1 )
35 1280 ( 1 )
36 160 ( 1 )
37 640 (1)
38 320 (2)
39 640 (1)
40 320 (2)
41 320 (1)
42 2500 (1)
43 80 (1)
44 1280 (1)
45 80 (1)
46 2500 (1)
47 80 (1)
48 640 (1)
49 640 (1)
50 1280 (1)
13 640
68
75
20
40
24
15
40
640
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Table 20 (continued)
0 ant isera Homologous titre Heterologous0 reactions Titres
51 640 (1)
52 5000 (1) 40
8 40
72 20
53 160 (1)
54 80 (2)
55 640 ( 1 )
56 2500 (2)
57 320 ( 1 )
58 160 ( 1 )
59 320 (1)
60 2500 (1)
61 320 ( 10
62 80 (1) 82 80
63 320 (2) 23 40
64 2500 (1)
65 1280 (1) 320
66 320 (1)
67 640 ( 1 )
68 2500 (1 )
69 640 (1)
70 640 (1)
71 1280 (1)
72 640 (2) 24 160
52 320
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Table 20 (continued)
0 anti sera Homologous titre
Heterologous
0 reactions Titres
73
74
75
76
77
78
79
80 
81 
83 
LEN
640 (1) 
640 (1) 
160 (1) 
320 (2) 
2500 (2) 
640 (2) 
1280 (2) 
1280 (2) 
1280 (2) 
1280 (2) 
80 (1)
34
83
65
19
40
320
160
80
Key 
( 1 ) 
(2 )
prepared with immunizing schedule 1 
prepared with immunizing schedule 2
underlined = reciprocal reaction
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3.4 Gross-Reaction between V cholerae Q types
ALL V cholerae 0 anti sera were tested with heterologous 
0 antigens and a number of cross-reactions were observed.
Several antisera showed weak agglutination with some of the 
heterologous 0 antigens when tested by slide agglutination using 
undiluted sera and in dilutions up to 1/10 in the microtitre 0 
agglutination method. These weak reactions are not Included in 
table 20. The antisera were 017, 018, 026, 031, 072 and 073.
In addition some sera agglutinated suspensions of 
strains of V cholerae In which the common R antigen was detectable 
in unheated suspensions. Therefore all cultures for 0 typing 
were tested with R anti serum and as will be shown in section 4 
the treatment of suspensions for 0 typing was designed to retard 
or prevent the formation of a reactive common R antigen with.a 
loss of 0 type specificity. Gardner and Venkatraman (1935) 
also found that V cholerae 0 anti sera prepared with heated 
suspension contained, in addition to specific 0 agglutinins, small 
amounts of non-specific R agglutinins.
Cross-reactions and titrations were performed with pairs 
of antisera and their 0 type antigens. Reciprocal relationships 
were recognised when both of a pair of unabsorbed anti sera agglutinated 
both of the type antigens of these sera and after absorption with 
the heterologous antigen, the anti sera were monospecific for their 
homologous specific antigen. This reciprocal relationship can be
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represented by the formula ab - ac, were a = the common or shared
antigenic component and b and c = the specific antigenic components. ]
!Uni lateral relationships were recognised where only one ■ j
anti serum reacted with both antigens, the other anti serum reacted :
with its homologous antigen only. :
Identical reactions were recognised where apparent ,
cross-reacting antigens completely absorbed the agglutinins in each 
pair of antisera and also gave identical reactions in titrations.
Reciprocal Uni lateral Identical
02 09 +
05 016 +
08 024 +
08 052 +
08 057 +
013 029 +
015 041
024 052 +
024 072 +
032 068 +
034 075 +
040 024 +
062 082
063 023 +
065 080 +
072 052 +
079 083 +
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Absorbed antîsera were used for the determination of 
the 0 type of antigens showing reciprocal relationships during 
subsequent 0 typing. Some of the reciprocal relationships 
found in this study were also reported by Shimada and Sakazaki 
(1977), these were 2 and 9, 13 and 29.
Investigation of the apparent identical reactions 
with the antisera 015 and 041 confirmed this relationship with 
the test antigens available at that time. However, on receipt 
of another test antigen strain for 015 from Dr R Sakazaki agglutination 
tests demonstrated that it was not identical with the previous 
test strains of 015 and 041. Subsequent investigation 
demonstrated that the new 015 test strain was not specifically 
agglutinated by any of the 0 typing antisera (1 - 83). The 
new antigen test strain for 041 was shown to be identical with 
the previous 015 and 041 strains.
Therefore the conclusion was reached that an error had 
occurred at some time with a culture of 0 type 41 substituted for 
015, Therefore valid antisera for 0 type 15 was not avallable 
during the course of the 0 typing described in this thesis. The
identical relationship between 061 and 082 was confirmed by 
repeat absorption tests and later confirmed by Dr R Sakazaki 
(personal communication) and a new antigen test strain for 082 
allocated (Sakazaki and Donovan 1982).
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3,5 Examination of v cholerae 01 subtype Hikojima
The examination of over 2,000 cultures of V cholerae 01 
using V cholerae 01 unabsorbed, V cholerae 01 inaba and ogawa 
absorbed antisera revealed only 3 valid Hikojima subtypes. A 
number of V cholerae 01 cultures were claimed to be v cholerae oi 
Hikojima by the referring laboratories but could not be 
confirmed. The results obtained with the 3 Hikojima subtypes 
and control cultures were as follows, using the microtitre 
method for titration:-
Antigen Antisera
No cn 1 naba Ogawa R
(absorbed) (absorbed)
Standard Inaba VL675 640(++) 80( + ) <10(-) <10(
Standard Ogawa VL674 640(++ ) <10(-) 320(++) <10(
Test strain VL433 320(++) 40( + ) '160(++) <10(
Test strain VL1602 320(++) 80( + ) 160(++) <10(
Test strain VL1603 320(++) 80( + ) 80(++) <10(
Standard R VL3583 10(±) <10(-) <10(-) 80(
Slide agglutination results are given in brackets,
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Cultures of V cholerae referred to Maidstone PHL that 
were claimed by the referring laboratory to be ^ cholerae oi  
subtype Hikojima but which were not valid Hikojima subtypes fell 
into three categories. The first category were cultures that had 
given agglutination with both Ogawa and Inaba sera used In the sending 
laboratory; it was considered that the Inaba anti serum used had been 
insufficiently absorbed and as a result still agglutinated Ogawa 
subtypes. With the use of quantitative titrations this error could 
be avoided.
The second category were cultures that were degraded 
V cholerae Qi cultures with an R antigen which was detectable by 
using unheated suspensions. They had been identified as Hikojima 
strains because their so-called Inaba or Ogawa antisera must have 
contained anti-R agglutinins in addition to specific Inaba - Ogawa 
agglutinins. The third category were cultures that were auto- 
agglutinable and therefore appeared to be agglutinated by all sera 
used.
Strains that appeair to be Hikojima need careful 
examination with a range of V cholerae antisera of known agglutinin 
content, and a quantitative titration method needs to be used and 
known control cultures need to be incorporated in the tests in 
order to eliminate errors in identification.
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3.6 Examination of 7 cholerae antisera from other sources
Several V cholerae agglutinating antisera were obtained 
and were examined in parallel with y cholerae antisera produced at 
Maidstone PHL. The results are given in Table 21.
The V cholerae 01 antisera, with the exception of the 
antisera from VRL and the first batch from DB Laboratories gave strong 
agglutination results with V cholerae 01 inaba and ogawa antigens when 
used in slide agglutination tests. The ’Group Cholera’ antiserum from 
VRL was very poor. It gave no slide agglutination and also contained 
H agglutinins in low titre. The protein concentration was very low 
(1.5 gm/litre) suggesting that the serum had been considerably diluted 
before issue. The first batch of ant I serum from DB Laboratories gave 
weak 0 agglutination and had low titre H agglutinins and low protein 
content (4 gm/litre). The first batch of antiserum from Wellcome 
Reagents had high H agglutinins, the second batch had no H agglutinins 
detectable. This indicated a change in procedure suggesting the 
immunizing suspension used in the second batch was not heated to 
remove H antigens. Some anti sera showed low titre R agglutinins.
The V cholerae 01 absorbed Inaba antisera illustrated the 
problems of preparing absorbed antisera with good sensitivity and 
specificity for the Inaba subtype. All antisera from other sources 
except DB Laboratories batch 2 lacked sensitivity.
The V cholerae Qi absorbed Ogawa anti sera were all specific 
and of acceptable sensitivity in that when used in standard slide 
agglutination tests they gave strong positive agglutination with 
suspensions of Ogawa subtypes and did not agglutinate Inaba subtypes.
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The Hikojima anti serum issued by Difco Labs appeared to 
be a Low titre 01 anti serum. It would appear to be of no value 
and would be misleading to most bacteriologists if it was used 
in that it would agglutinate V’ cholerae 01 suspensions of Inaba,
Ogawa and Hikojima subtypes.
The quality of the V cholerae anti sera available is 
summarised in table 22.
3 . 7  V cholerae R a n t i  s e r a
The Immunizing schedules used for preparing 0 antisera 
were used for preparing R antisera from strains VL3405 and VL3583.
Both cultures produced low titre R agglutinating antisera, VL3405 
gave a titre of 1/80 and VL3583 a titre of 1/160 by the microtitre 
method and both showed agglutination by the slide agglutination 
method. These findings are similar to those of Shimada and 
Sakazaki (1973) who found R antigens to be poor immunogens. The 
R anti sera were found to agglutinate suspensions of most test 
strains of v cholerae regardless of 0 antigen type after the suspension 
had been heated for 2 hours at 100°C in PBS and then washed, but 
did not agglutinate uneated suspensions of these cultures.
This suggests that the R antigenic determinants which are thought 
to be embedded in the cell wall membrane are revealed during heating 
and subsequent washing of the suspensions.
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Table 22 Quai I ty of v cholerae Anti sera
Antisera 
V cholerae 01 
Maidstone PHL
1 Standards Laboratory
2 Standards Laboratory
1 Difco Laboratories
2 Difco Laboratories 
VRL USA
1 DB Laboratories
2 DB Laboratories 
SSI Denmark
1 Wellcome Reagents
2 Wellcome Reagents
V cholerae j naba 
Maidstone PHL 
Wellcome Reagents
1 DB Laboratories
2 DB Laboratories 
Difoc Laboratories
■ V cholerae Ogawa 
Maidstone PHL 
Wellcome Reagents 
DB Laboratories 
Difco Laboratories
0 Agglutination 0 Specificity H R Comment
Strong
Strong
Strong
Strong
Strong
Weak
Weak
Strong
Strong
Strong
Strong
Moderate
Weak
Weak
Moderate
Weak
Strong
Moderate
Moderate
Moderate
Good
Good
Good
Good
Good
Poor
Poor
Good
Good
Poor
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
- - Satisfactory
- ± Satisfactory 
“ - Satisfactory
“ - Satisfactory
- - Satisfactory
+ - Unsatisfactory
+ - Unsatisfactory
- + Satisfactory
- - Satisfactory
-+ - Unsatisfactory
- - Satisfactory
- - Satisfactory
- •- Unsatisfactory
- ± Unsatisfactory 
“ - Satisfactory
- - Unsatisfactory
“ “ Satisfactory
- - Satisfactory
- ± Satisfactory
- - Satisfactory
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Key to Table 22
Maidstone PHL = Prepared at Maidstone Public Health Laboratory, UK 
Standards Laboratory = Prepared at the Standards Laboratory,
Central Public Health Laboratory, London, UK 
Difco Laboratories = Difco'Laboratories, Detroit, USA
VRL = Vibrio Reference Laboratory, Department of
Microbiology, Jefferson University, Philadelphia, USA. 
DB Laboratories = David Bruce Laboratories, East Everleigh
near Marlborough, Wiltshire, UK.
SSI = Statenserum institut, Copenhagen, Denmark.
Wellcome Reagents = Wellcome Reagents Ltd., Wellcome Research
Laboratories, Beckenham, UK,
3.8 Use of Acr if lavine
Previous workers have found Acriflavine to be of value in 
detecting R (rough) antigens and also as a means of recognising 
lack of stability in suspensions of V cholerae. Experiments were 
carried out to determine its value and the concentration that could 
be used when testing suspensions of V cholerae |n FPBS by the slide 
agglutination method. Acriflavine was tested with the following 
concentrations in PBS.; 0.2, 0.1, 0.05, and 0.025%. The 
results were as follows.
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Agglut i nation 
Cultures R Antiserum Acriflavine
0.2% 0.1% 0.05% 0.025%
V cholerae 01 VL674 - + - - -
V cholerae 02 VL1029 - +++ ++ ++
V cholerae 03 VL1030 - - - - -
V cholerae 04 VL1031 -
V cholerae 05 VL1032 - _ - _ -
V cholerae 06 VL1033 - +++ +++ + -
V cholerae 07 VL1034 - + - - -
V cholerae 08 VL1035 - - -
V cholerae 09 VL1036 - ++ ±
V cholerae R VL3405 ++ +++ ++ ++
V cholerae R VL3583 ++ +++ ++ ++ —
Acriflavine at 0.1% and 0.05% was used in investigations of stability 
and the presence of R antigens in suspensions of V cholerae 
and the range of reactions is shown in Table 23.
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Table 23 Range of reactions found with V cAoierae suspensions
Agglutination with
0.1% 0.05% 0 specific R
Acriflavine Acriflavine serum serum PBS Conclusion
Smooth
Imperfect Smooth
S-R
S-R
S-R
R
R
R
Key: +++ = strong agglutination
++ = moderate agglutination 
+ = moderate agglutination 
± = weak agglutination 
- = no agglutination 
S-R = specific 0 and non-specific R detected
R = mainly non-specific R with lack of stability in PBS
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4 Results of Evaluations of Methods for Q typing y cholerae
4o1 Suspension preparation
Preliminary experiments showed that the pH of suspensions
of vibrios In unbuffered saline solutions could be high because of 
a carry-over from the growth medium, therefore phosphate buffered 
saline of pH 7.3 was used which appeared to stabilize the pH of 
the suspensions.
Suspensions prepared from growth on solid media 
rather than liquid media were preferred because of the ease of 
handling, greater yield and satisfactory agglutination results. 
Comparisons between cultures grown at 37 t, 3CP C and 25°C for 
18 - 24 hours aerobically demonstrated a reduction in rugose 
colonial forms at 30°C and 25°C compared with growth at 37°C.
The culture yield was significantly higher at 30°C than at 25°C, 
therefore this temperature was selected for further use.
Heart Infusion Agar (HIA) was selected as the medium 
because it supported good growth of all strains of v cholerae 
and contained no inhibiting agents, pH indicators, carbohydrates 
and blood products which could influence suspensions of vibrios.
The work of Gardner and Venkatraman (1935) indicated 
that formalin-killed suspensions of v cholerae were very 
satisfactory antigens when used with both 0 and H antisera.
Therefore growth of v cholerae on HIA was 'harvested' using 
sterile swabs and placed in PBS containing 0.3% Formalin for use 
as 0 antigens. The sterilization times for V cholerae 
suspensions in FPBS were found to be 15 minutes for complete sterility 
with very heavy cell concentrations, A marked reduction in viable 
cells occurred within 40 seconds of the cultures being placed in FPBS.
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Suspensions of V cholerae in FPBS were found to give 
very satisfactory slide agglutination using 0 antisera. There 
appeared to be no detectable difference in the results using 
viable cultures compared with formalin-killed suspensions.
Therefore all cell suspensions were prepared in this manner, 
this was thought to be an advantage in safety when dealing with 
known toxigenic cultures of V cholerae.
Some suspensions of V cholerae in FPBS were found to be 
agglutinated by V cholerae H antiserum. Therefore a convenient 
means of heat inactivation of the H antigen was investigated. 
Suspensions of V cholerae Q test antigen cultures 1 - 10 were 
prepared in PBS by diluting the stock antigen preparation.
The suspensions were heated at 100°C for periods of 1, 2, 5 and 
120 minutes. Each suspension, along with an unheated suspension 
of the same strain for comparison, was tested with homologous 0 
antisera, R and H antisera. The titres with homologous 0 antisera 
did not significantly vary with the heating times. Suspensions 
were not agglutinated by the H antiserum after'5 and 120 minutes 
heating, however with increased heating suspensions were agglutinated 
by the R anti serum. Suspensions of V cholerae heated for 5 and 120 
minutes at lOO^C also showed weak agglutination with some 
heterologous 0 antisera, indicating a loss of specificity. The 
experiments were repeated using suspensions in FPBS for the heating. 
This treatment did not produce a loss of 0 specificity after 5 
minutes at 100 C, suspensions were not agglutinated by R antisera. 
Some loss of 0 specificity was shown after heating for 120 minutes.
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For future work in microtitre trays it was decided to use two 
suspensions of each strain of V cholerae^ one that had not been 
heated and one that had been heated for 5 minutes at 100 C°in 
FPBS.
4.2 Test Conditions
One of the main objectives was the adaptation of a test 
method using microtitre trays for both titration of 0 antisera 
and for performing 0 serotyping of V cholerae. Preliminary 
experiments had shown that by using a suspension of 10® x 5 organisms 
per cm® in FPBS and 25 pi volumes of the dilutions of anti sera and 
suspension, agglutination patterns and end points of titrations could 
clearly be read, after incubation at 37°C for 18 hours. When the 
0 agglutinating titres of 0 anti sera were compared to the results 
obtained by using 3" x k" tubes with 0.3cm® volumes of suspension 
and antisera, the titres of the 0 antisera were usually one dilution 
lower by the microtitre method. Attempts to increase the titres 
obtained in microtitre trays by incubating at 50°C for 18 hours were 
unsuccessful as the titres were either the same as those 
obtained at 37°C or one dilution lower. It was found possible to 
read agglutination patterns in microtitre trays after incubation at 
37°C for shorter periods (eg 4 hours) but the end points (titre) 
were often lower which Indicated a lower sensitivity.
4.3 Use of Evans Blue
In view of the difficulties of pipetting small volumes 
of relatively colourless reagents the addition of Evans Blue dye
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(Gurr).to a final dilution of 1 : 75,000 was evaluated as an 
aid to the problem of eyestrain (Coupland 1978), The dye was 
added to both anti sera and suspensions. Tests were performed 
on test strains of V cholerae 0 types 2, 1, 14 and 23 using the 
microtitre titration method with tests run In parallel without 
added dye. The Evans Blue aided the observation of reading 
results with no significant difference in the titre of the 
anti sera used. It could therefore be used as an aid to the 
problem of eyestrain with the microtitre method for Vibrio 0 
antigens.
5 ■ Heating Experiments with V cholerae suspensions
5.1 Heat Stability of 0 antigens
Following the adoption of the use of unheated and heated 
suspensions in FPBS for antigens used in 0 typing methods, it was 
found that some test strains of v cholerae 0 antigen types showed a 
reduction in 0 agglutinating titre after 5 minutes heating at 100°C and 
some showed an increase in 0 agglutinating fitre after heating 
compared with results with unheated suspensions. Therefore v cholerae 
test strains of these antigen types were selected for further 
study. These were 0 types 63 and 75 which showed a reduction and 
045 with showed an increase, 0 types 2 and 8 were selected as 
control cultures which had not shown an alternation in 0 
agglutinating titres in previous experiments. The results of these 
experiments are shown in Tables 24 and 25.
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Table 24 Heating Experiments with different V cholerae antigens
Temperature constant 100®C
Antigen 02 08 063 075 045
Sera 02 H R 08 H R 063 H R 075 H R 045 H R
Antigen Treatment:
Unheated 640 + - 640 + - 640 + - 160 + - 80 + -
1 min/100°C 320 ± - 640 ± - 640 ± - 80 - - 80 - -
2 320 - - 640 - - 320 ± ■- 40 - - 160 - -
3 320 - - 640 ~ - 40 - - 20 - - 160 - -
4 320 - - 640 - - 40 - - 20 - - 320 - -
5 ” 320 - - 640 - - 40 - - 20 - - 320 - -
30 ” 40 - - 160 - “ 40 - - 10 - - 10 - -
60 40 - + 160 - - 40 - - 10 - - 10 - -
120 ” 320 - + 640 - — 320 - — 160 - - 320 - _
The results were expressed as the highest dilution of serum showing 
observable agglutination for homologous 0 sera and for the H and R 
sera the results were taken from tests with a single diltuion of 
serum (H 1/20, R 1/10). All antigens were suspended in FPBS.
Key : + = positive agglutination »
± = weak agglutination 
- = no agglutination
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Table 25 Temperature constant 1Q0°C Suspension in PBS (No formalin)
Antigen 02 08 063 075 045
Sera 02 H R 08 H R 063 H R 075 H R 045 H R
Antigen Treatment
Unheated 640 + - 640 + - 320 + - 160 + - 40 +
1 min/100°C 320 ± - 640 + — 320 ± - 40 ± - 80 - -
2 " 80 - - 640 - - 320 - - 20 - — 160 - -
3 80 - — 640 - - 40 - - 20 - - 160 - -
4 80 - - 640 - - 40 - - 20 - - 160 - !
5 80 - - 640 — - 40 - - 20 - - 320 - !+ ;1
30 ” 160 ~ + 160 - + <10 - - 10 - ± 40 - +
60 160 - + 640 - + 80 - + 40 - + 320 -
i
+
120 ” 320 — + 640 - + 160 — + 320 — + 320 — +
Key; + = positive agglutination 
± = weak agglutination 
- = no agglutination
208
AIL suspensions showed a drop in the agglutinating 
titre with their homologous 0 anti sera after heating for 30 and 60 
minutes in FPBS and a drop after 30 minutes in PBS. All 
suspensions regained their 0 agglutinating titres when heated for 
120 minutes. The H antigen's agglutinating action was destroyed 
after heating for 1 - 2 minutes at 100®C with all suspensions. 
Suspensions heated in PBS became agglutînable with the non-specific 
R antisera after heating for 30 - 60 minutes, whereas this only 
occurred with one antigen suspenions in TPB5. The experiments 
were repeated with the suspensions washed three times before testing 
for agglutination and no significant differences in results were found.
Examination of the results that occurred within the heating 
period 1 - 5 minutes at 100°C demonstrated that three patterns of 
results were detectable. Thermostable agglutinating (TS) with no 
significant alteration in agglutination results was found with 0 
types 2 and 8. Thermolabile (TL) agglutination with a significant 
drop in agglutination was found with 0 types 63 and 75. Thermoenhanced 
(TE) agglutination with an increase in agglutination was found with 0 
type 45.
Suspensions of test strains of 02 (TS), 045 (TE) and 063 (TL) 
were used for absorption experiments. Suspensions were used 
unheated after heating at 100°C for 5 minutes and 120 minutes.
All suspensions removed their homologous 0 agglutinins from the 0 
antisera. This indicated that despite poor agglutinating 
properties after 5 minutes heating 063 (TL) still absorbed homologous 
0 agglutinins.
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In order to Investigate the possibility of Thermolabile 
and Thermoenhanced agglutination being linked to specific 0 
types of V cholerae further cultures of 0 types 2, 8, 45, 53 and 
75 were selected from our collection of vibrios. 3 additional 
cultures of these 0 types were subjected to a heating experiment 
with the suspensions in FPBS. The results are shown in Table 26, 
These results show that there is no correlation between 0 type 
and Thermolabile or Thermoenhanced agglutination. It would 
appear that Thermostable agglutination during heating at 100°C 
for 5 minutes is the most common finding and that these findings 
are related to individual strains or cultures not 0 type. The 
patterns of the Thermostable (TS), Thermolabile (TL) and 
Thermoenhanced (TE) agglutination are illustrated in Figures 2 
and 3.
5.2 Heat Stability of H antigens o f V  cholerae
Previous experiments had shown that the H antigens
agglutinating reactivity was destroyed after heating at 100°C 
for 1 - 2 minutes with strains of V cholerae. Further heating 
experiments with V cholerae 02 (1029) and 063 (5630) suspensions 
demonstrated that H agglutinating reactivity was lost after 
heating at 80®C for 15 minutes.
5.3 Dénaturation of. H agglutination by heat
Suspensions of motile cultures of V cholerae 02 (VL1029) 
and 08 (VL1035) were prepared in FPBS and PBS H (Flagellar)
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Antîserum prepared from V cholerae 023 (VL 1050) was added at 
a dilution of 1 In 50 to a series of 3 x V-i tubes. The tubes 
were incubated at 50°C for 18 hours and H agglutination was 
observed in all tubes. Tubes showing H agglutination were 
then heated at 65 - 90°C for 30 minutes and then returned to
50®C to allow undenatured H agglutination to reform.
The H agglutination of suspensions in PBS (No formalin)
did not reform after heating at 65®C and above for 30 minutes.
The H agglutination of suspensions in FPBS did reform after 
heating up to 85°C. When homologous 0 antiserum was used 
agglutination of suspensions in FPBS were only partially 
denatured after heating to 90°C for 30 minutes. Therefore 
unformalized H suspensions showing H agglutination were denatured 
after heating at 65°C for 30 minutes. Formalin treated H 
suspensions were not denatured until heated to 80'- 85®C for 30 
minutes, whereas suspensions showing 0 agglutination required 
heating up to 90°C for 30 minutes to obtain partial 
denaturizat ion.
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Table 26 Heating experiments with V cholerae Q types 2, 8, 45, 63 and 75
Maidstone Agglutinating titre with Homologous 0 sera after
No.
AnTTgen 0 type
heating at 100°C
Heating Time in Minutes
0/UH 1 2 3 4 5 30 60 120
VL1029+ 2 640 320 320 320 320 320 20 80 320 TS
VL7331 2 640 160 160 160 160 10 10 20 320 TS
VL8892 2 320 160 160 160 160 160 20 40 160 TS
VL8687 2 640 320 320 320 320 320 10 160 160 TS
VL1035+ 8 1280 1280 1280 1280 1280 1280 160 160 1280 TS
VL8130 8 320 320 320 320 320 320 10 20 80 TS
VL8515 8 640 640 640 640 640 640 80 80 640 TS
VL8567 8 320 320 640 640 640 640 80 80 320 TS
VL3396+ 45 80 80 160 160 320 320 10 10 320 TE
VL7259 45 640 640 640 640 640 320 160 160 640 TS
VL7880 45 160 80 160 160 80 80 20 10 640 TS
VL8210 45 320 320 160 160 160 160 80 80 320 TS
VL5630+ 63 320 320 320 80 40 40 20 <10 320 TL
VL7694 63 320 320 320 320 320 320 10 40 160 TS
VL7789 63 320 320 320 320 320 320 10 40 160 TS
VL8595 63 320 320 320 320 320 320 <10 <10 320 TS
VL5642+ 75 320 40 20 20 10 10 <10 <10 320 TL
VL7696 75 160 80 40 40 20 40 <10 <10 40 TS
VL8597 75 160 80 40 40 40 40 10 10 80 TS
VL8623 75 40 80 80 80 160 160 10 10 40 TE
TS = thermostable agglutination: TL = thermolabile agglutination
TE = thermoenhanced agglutination: UH = unheated
+ = Reference Antigen used in previous study
0/UH = Unheated antigen
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6 V cholerae Q typing Results
6.1 United Kingdom Human Isolates
During the period 1973-1981 a total of 193 strains of 
V cholerae isolated in the UK from patients were referred to 
Maidstone PHL. There were 31 strains of V cholerae 01; all 
were isolated from the faeces of patients who had recently returned 
to this country following travel abroad. 162 strains of Non-01 
y cholerae were received,with three exceptions all were isolated 
from the faeces of patients returning to UK after travel abroad.
Table 27 lists the number of strains received each year, table 28 and
figure 4 the countries from which patients had returned. The high
incidence from Tunisia is probably a reflection of package 
holidays. All patients returning from abroad whose faeces 
contained V cholerae had symptoms of gastrointestinal disorders 
ranging from clinical cholera requiring intravenous fluid 
replacement to mild diarrhoea.
There were three Isolates of V cholerae from patients in 
the UK with no recent travel history. All occurred during the 
summer of 1976 when atmospheric temperatures were high for the UK. 
Only one of these isolates of V cholerae 034 was from faeces; a 
strain of 02 was isolated from a blood culture and 063 from an 
infected burn,
6.2 Other Human Isolates
A total of 205 Non-01 V cholerae isolates from human 
sources in other countries were serotyped. 196 strains were 
isolated from the faeces of patients, four strains were isolated
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from ear swabs, two from blood cultures, two from CSF and one 
from sputum. The predominating 0 types with the countries of 
origin are given in table 29, The results obtained with the 
extra-intestinal isolates were as follows;- 
Ear swab isolates V cholerae 06 (2 isolates from Canada)
" V cholerae 041 (1 isolate from Canada)
" V cholerae Not typable (1 isolate from Canada)
Blood isolates V cholerae 08 ( 1 Isolate from New Zealand)
II I V cholerae 041 ( 1 isolate from Australia)
CSF isolates y cholerae 018 (1 Isolate from Trinidad)
I II y cholerae 030 (1 isolate from 1 raq)
Sputum isolates y cholerae 06 ( 1 isolate from USA)
6.3 UK Environmental Isolates
A total of 587 isolates of Non-01 V cholerae were serotyped, 
the majority of isolates were from the aquatic environment and were 
isolated at Hull PHL and Maidstone PHL, The predominating 0 types 
are given in Table 30. The main source of isolates other than 
aquatic samples were various 'Birds' including Black headed 
{Larus ridibundus)  ^ Greater black backed {Larus marinus) and Herring 
Gulls (Larus argentatus) (Lee et al 1982) and imported prawns.
The following 0 types were isolated from 'Birds’ 6, 12, 19, 24, 39, 
41, 49, 75 and Non-typable strains. The 0 types isolated from 
prawns were 4, 6, 10, 32, 41, 64, 40/71 and rpn-typable strains.
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Table 27 Summary of UK Human Isolates of non-01 V cholerae
1973-1981
Year
1973
1974
1975
1976
1977
1978
1979
1980
1981
Number
12
3
7
15
16 
12 
33 
40 
24
Different 0 types 
8 
2 
6 
8
18
20
13
Not typable 
2 
1 
0 
1
3
2
8
7
6
Predominating 0 types 
5,
24
7, 
5,
2,
5,
2,
34,
162 42 29 (17.6#)
Predominating 0 Types 1973-1980
Serotype Number
V cholerae 05 13
V cholerae 024 13
V cholerae 07 11
V cholerae 02 9
V cholerae 034 9
V cholerae 037 9
V cholerae 08 9
V cholerae 040 8
V cholerae 06 7
V cholerae 013 4
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Table 28 Countries of origin of Non-01 ^ cholerae uk Isolates 1975-1981
Country
Returning from 
Tunis ia
India
Spain 
Malta 
Nigeria 
Thai land 
Egypt 
Sri Lanka 
Middle East 
Pakistan 
UK
Singapore 
Morocco 
Saudi Arabia 
Sicily 
Bangladesh 
Ruman i a 
Nepal 
Portugal ,
Hong Kong 
Ibiza 
Jordan 
Far East 
Ethiopia
Total 0 Types
40 2(3), 5(4), 6(2), 8, 12, 13, 21, 24(6), 28,
34(2), 37(3), 39, 41, 51, 53, 71, 24/74, NT(9)
39 2, 3, 5(3), 6, 7(6), 8(2), 14, 18(2), 19(2),
24(2), 34(2), 37(2), 40, 41(2), 52, 74, NT(7)
8 2, 8, 10, 26(2), 34, 45, NT
6 4, 34, 40, NT(3)
6 5, 7, 13, 24(2), 61
6 8(2), 24(2), 37, 40
4 13, 58, 68, 76
4 24, 39, 81, 16/24
4 2, 8, 13, 37
4 2, 6, 7, 37
3 2, 34, 63
3 5, 29, NT
3 5, 12, NT
3 6, 8, 14
3 NT(3)
2 5, NT
2 6, 40
2 7, 78
2 9, NT
2 37, 40
1 2
1 5
1 5
1 7
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Country
Returning from
Total 0 Types
West Africa 
Sudan
South America
Canary Islands
Majorca
Bahrain
Israel
Kenya
North Africa 
East Africa 
Gilbert Islands
18
26
29
32
34
34
40
40
72
54/76
NT
( ) = number of strains of that type
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Table 29 Human Non-01 ^ cholerae serotypes isolated in countries
other than the UK
0 Type Total Countries
37 26 Bangladesh (16), Sudan (8)
41 16 Bangladesh (8), USA (5)
5 13 Bangladesh (5), Czechoslovakia
2 9 USA (3), Algeria (2)
64 8 Algeria (7)
6 8 USA (3), Iraq (2)
7 8 Bangladesh (3), Iraq (2)
20 7 Bangladesh (4), USA (2)
40 7 Italy (4)
4 6 Algeria (2)
Key: ( ) = number of that 0 type
single isolates from a country are not given in this table.
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Table 30 Serotvoina Results of Environmental isolates of V cholerae
United Kingdom 
0 Type Number Main Source
4 193 Hull PHL - Humber River and Estuary
43 22 Hull PHL - Humber River and Estuary
41 19 Maidstone PHL - Water
6 19 Maidstone PHL - Birds
34 16 Hull PHL - Humber River and Estuary
49 15 Hull PHL - Humber River and Estuary
2 14 Maidstone PHL - Water and Cockles
63 12 Hull PHL - Humber River and Estuary
53 11 Hull PHL - Humber River and Estuary
38 10 Hull PHL - Humber River and Estuary
64 10 Maidstone PHL - Water
Other Countries
0 Type Number Main Source
34 18 Lake Charles, Louisiana, USA - water
7 15 Lake Charles, Louisiana, USA - water
3 14 Chesapeake Bay, USA, water
36 11 Lake Charles, Louisiana, USA - water
62 9 Lake Charles, Louisiana, USA - water
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6.4 Other Environmental Isolates
A total of 241 isolates of Non-01 V cholerae from 
environmental sources in countries other than the United Kingdom were 
serotyped. The main sources were the aquatic environment in 
Chesapeake Bay, Maryland, and Louisiana, in USA, where research workers 
were surveying for the presence of vibrios. The predominating 0 
types are given in Table 30.
6.5 Vibrio mimicus
V mimicus (Davis et al 1981) Is the species name given to 
vibrios which differ principally from v cholerae by lack of fermentation 
of sucrose and low DNA relatedness to V cholerae. These vibrios 
correspond to Heiberg Group V (1935) and were identified amongst 
vibrios received at Maidstone PHL as shown in Results 1 of this thesis.
106 strains of V mimicus were serotypes using the 0 
anti sera and these results are shown in Table 31.
It was found that all 0 type 20 strains were V mimicus and 
that the test strain of V cholerae 0 antigen type 20 (VL1047) is 
sucrose-negative and would now be classified by Davis et al (1981) as 
V mimicus. There were also a significant number of the human isolates 
of 0 types 37 and 41 that appear to be V mimicus. The proportion of 
non-typable strains was higher amongst V mimicus (45#) than amongst 
other V cholerae strains (2^,). However, it should be noted that 39 
of the 46 non-typable V mimicus strains were isolated from the 
environment and 25 of these strains came from Lake Charles in Louisiana 
USA, this will have influenced these figures significantly.
223
Table 51 Vibrio mimicus Q serotyping results
(V cholerae) 
0 type
Number Human isolates 
(Faeces)
Env i ronmental 
Isolates
2
5
6
7
8 
10 
20 
23 
26 
30 
32 
34 
37 
41 
49 
64 
68 
71
8/40/52
4.0/71 
Not typable
1
2
3
2
2
1
7
1
1
2
5
1
9
14
1
1
1
3
2
1
46
106
1
2
1
39
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6.6 Relationship between 0 type and Biological Activity
75 strains of non-01 V cholerae which were included In the 0 
typing'study were examined for biological activity by Dr R R Daniel of 
the Department of Microbiology, University of Surrey. The frequency 
of particular serotypes with specific biological activity is given in 
Table 32.
23 specific 0 types were represented and more than one 
strain was found within 10 different 0 types. In eight different 
0 types strains of different biological activity were found. Within 
0 type 5 were represented strains which produced cholera-like toxin, 
others with enteritis activity and some were inactive. Cholera 
like (CT) toxin production and enteritis activity were found with 
different strains within 0 types 26, 37, 63 and 81.
Strains were also examined for their Heiberg biochemical 
group (1935) in an attempt to see if there was any correlation with 0 
type and biological activity. The results for strains of 0 types 5 and 
37 are shown in Table 33.
Within the 0 type 5 group were found Cholera like toxin 
(CT) producing strains of both Heiberg groups I and II.Strain VL9271 
which produces a CT like toxin and is within Heiberg group II was 
isolated during the Czechoslovakian food-borne outbreak of 1965 
(Aldova et al 1968) and three other strains, VL614, VL615 and VL616 
in the Maidstone collection from this outbreak were found to be Heiberg 
group II and 0 serotype 5. Three strains of 0 type 5 all isolated 
from patients with diarrhoea in Bangladesh gave results with 
biological tests of the enteritis pattern, two strains were Heiberg
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group il and one was Heiberg group I. The only environmental 
Isolate In 0 serotype 5 was Inactive in biological tests. Isolates 
of 0 serotype 5 from the environment were uncommon in the collection 
of non-01 y cholerae cultures examined, only 4 out of 30 strains of 
0 serotype 5 cultures were isolated from the environment.
Within the 0 serotype 37 group were a collection of five 
cultures which were isolated during a large water-borne outbreak 
of cholera-like disease in the Sudan in 1968 (Kamal and Zinnaka 1971). 
These cultures all produced a CT-like toxin and were Heiberg group I. 
In contrast six cultures of 0 serotype 37 were isolated from patients 
in Bangladesh with diarrhoea during 1976-78 and all produced a CT-Llke 
toxin but were Heiberg group V or V mimicus (Davis et al 1981).
The number of biologically inactive strains was significantly 
higher with environmental isolates, seven out of 24 strains, compared 
with only two inactive strains out of the 51 human isolates. Only 
two CT-like toxin producers were found in the environmental Isolates. 
The distribution of biological activity compared with source is 
shown in Table 34.
6.7 Incidence and Significance of Different 0 types
The total numbers of strains with their 0 serotype and 
source of isolation are given in Table 35. The serotypes most 
frequently found in this study are given in Table 36.
226
Table 32 The Frequency of Specific Serotypes with Specific
Biological Activity
0 Heat Stable Cholera-like Enteritis inactive
Serotype Toxin (ST) Toxin (CT) Activity
2
5
7
12
20
23
24 
26 
30 
37
40
41 
49 
52 
54 
61
1 1
62 1
63 1 1
65 1
71 1 1
75 1
78 1
81 1 1
R 1 1
NT 1 2 1 1 2
TOTAL 1 20 45 9
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Table 33 Biological Activity and Heiberg Group of V cholerae 
Serotypes 5 and 37
Maidstone
Number
0
type
Biological 
Act ivity
Heiberg
Group
isolated
iFrom
Source
VL9249 5 Ent 1 Faeces Bangladesh 1977
VL9254 5 Ent 1 Faeces Bangladesh 1977
VL9292 5 Ent t i Faeces Bangladesh 1977
VL9286 5 1 nA 1 1 Water Bangladesh 1977
VL9271 5 CT 1 1 Faeces Czechoslovakia 1965
VL9278 5 CT 1 Faeces South Africa
VL9248 37 CT V Faeces Bangladesh 1977
VL9250 37 CT V Faeces Bangladesh 1977
VL9872 37 CT V Faeces Bangladesh 1977
VL9275 37 CT V Faeces Bangladesh 1976
VL9294 37 CT V Faeces Bangladesh 1978
VL9295 37 CT V Faeces Bangladesh 1978
VL9287 37 CT 1 Faeces Sudan 1968
VL9288 37 CT I F aeces Sudan 1968
VL9289 37 CT 1 Faeces Sudan 1968
VL9290 37 CT I F aeces Sudan 1968
VL9291 37 CT 1 Faeces Sudan 1968
VL9257 37 Ent 1 Faeces Bangladesh 1977
VL9259 37 Ent 1 F aeces Bangladesh 1977
VL9299 37 Ent 1 F aeces Bangladesh 1977
VL9876 37 Ent 11 F aeces Bangladesh 1977
VL9296 37 Ent 11 Faeces Bangladesh 1978
VL9205 37 Ent V F aeces Bangladesh 1978
VL9283 37 Ent V Faeces Guam 1974
Key:' CT = Cholera like toxin
Ent = Enteritis activity
InA = Inactive
Heiberg Group 1 = Sucrose acid, Mannose acid, Arabinose no acid
Hei berg Group 11 = " acid. " no acid. no acid
Heiberg Group V = 
(Heiberg
" no acid, 
1935)
It acid, no acid
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Table 54 Biological Activity and Source of Isolation of
non-01 V cholerae
Human Environment
Cholera Like toxin 20 2
Heat Stable toxin 1
Enteritis activity 29 14
Inactive 2 7
Total 51 24
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Table 35 Incidence of Non-01 V cholerae 0 Serotypes
Human isolates Environmental Isolates Total
0
Serotype UK
Other
countries
Other
countries
2 9 9 14 2 34
3 1 - 8 14 23
4 1 6 193 - 200
5 13 13 1 3 30
6 7 8 19 3 37
7 11 8 1 15 35
8- 9 4 3 - 16
9 1 2 - 2 5
10 1 1 1 - 3
11 - 1 - 4 5
12 2 2 8 - 12
13 4 1 - - 5
14 2 1 5 2 10
15*,16,17 - — - - -
18 3 2 1 7 13
19 2 - 3 3 8
20 - 7 2 - 9
21 1 1 - - 2
22 - - - 1 1
23 - - - 2 2
24 13 2 3 2 20
25 - - 2 - 2
26 3 3 2 1 9
27 - 1 6 2 9
28 1 2 3 1 7
29 2 1 - - 3
30 - 1 - 4 5
31 - - - 2 2
32 1 2 2 3 8
33 — - - - -
34 9 2 16 18 45
35 - - 1 1 2
36 - 4 4 11 19
37 9 26 - 4 39
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Table 35 HcontInued)
Human Isolates0
Serotype
38
39
40
41
42
43
44
45
46,47,48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64 
35 
66
67
68
69
70
71
72
73
Environmental isolates
UK Other
countries
7
16
1
Mi
10
6
3
19
22
15
3
5
1 1
1
1
12
10
1
Other
countries
Total
10
10
18
45
6
23
1 1
21
1
6
9
12
2
2
1
1
5
1
13
20
3
4
4
4
5 
3 
3
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Table 55 (continued)
Human Isolates0 __
Serotype UK
Environmental Isolates
Other
countries
UK Other ■ 
countries
Total
74 1 - - - 1
75 - - 8 1 9
76 2 1 - - 3
77 - - 3 - 3
78 1 - - 1 2
79 - - - - -
80 - - 1 - 1
81 1 3 - - 4
82*,83 - - - - -
'Len' - - 2 - 2
'Pattern’ 3 3 19 6 31
R - 5 1 - 6
NT f 29(17.6%) 36(17.5%) 124(21.1%) 72(29.8%) 26 P
162 205 587 241 1195
* _= anti sera for these 0 types was not available
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Table 36 Common V cholerae Q serotypes in this study
Number of Strains 0 Serotype Incidence
200 4 16.7%
45 34 3.7%
45 41 3,7%
39 37 3.2%
37 6 3.1%
35 7 2.9%
34 2 2.8%
30 ■ 5 2.5%
23 3 1.9%
23 43 1.9%
This table shows the number of serotypes, where twenty or more 
strains were found within that serotype.
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6.7.1 V cholerae serotype 4 (200 strains. 16.7% of the total)
The majority of strains of this serotype were isolated from
the River Humber by Hull PHL and this produced a sampling bias as 
Hull PHL submitted the majority of environmental isolates during 
the period of this study, 04 isolates were also found by Maidstone 
PHL in surveys of fresh and brackish water in Kent. No environmental
isolates were received from other countries. One human isolate
was found in this country, this strain was isolated from a patient 
returning from Malta, 5iz human isolates were received from other
countries: Jordan (2), Algeria (2), India (1) and Bangladesh (1).
6.7.2 V cholerae serotype 34 (45 strains 3.7%)
Strains of this serotype were isolated from both the environment 
in Lake Charles, Louisiana and Chesapeake Bay, USA, In addition 
isolates were found in the River Humber UK and in mussels found on 
the North Kent coast. The isolates from mussels were sucrose-
negative {y mimicus), ]] human isolates were of this serotype and
were isolated in this country from patients returning from India (2), 
Tunisia (2), Majorca (1), Spain (1), Malta (1), Bahrain (1). One 
strain was Isolated in London from a patient with severe diarrhoea who 
had no recent history of travel. The patient had achlorhydria, after a 
partial gastrectomy, and may therefore have been more susceptible 
than people with normal stomach acidity. The infection occurred 
during the hot summer of 1976 and unfortunately no investigation of 
the source of this vibrio was made. This remains the only case of 
likely indigenous cholera-like disease caused by 7 cholerae In the
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United Kingdom known to Maidstone PHL at the present time.
6.7.3 y cholerae serotype_41_145 strains 3.7%)
Only three strains of this serotype have been isolated in 
this country from patients who had travelled abroad recently. They 
had returned from India (2) and Tunisia (1). 16 human isolates
were received from other countries. Most of these were sucrose- 
negative (y mimicus) and were received from Louisiana USA and 
Bangladesh. The Louisiana isolates were from cases of gastro­
enteritis associated with eating marine products such as crab, oysters 
and clams. Isolates of y mimicus serotype 41 were also received from 
the aquatic environment in Louisiana. In addition, sucrose- positive 
strains of this type were found in Chesapeake Bay USA, Wingate Tip, 
Northumberland, Rivers Humber and Welland. Sucrose positive 
isolates were also obtained from gulls in Kent (Lee et al 1982).
6.7.4 y cholerae serotype 37 (39 strains 3.2%)
Strains of this serotype were mainly Isolates from cases and 
outbreaks of gastro-enteritis in other countries. These included 
strains of cholera-like toxin producers of both sucrose-negative 
strains Z mimicus from Bangladesh and sucrose-positive strains 
from an outbreak of cholera-like disease in Sudan. In addition nine 
isolates were received which were isolated in this country from patients 
who had recently travelled abroad in Pakistan (1), Tunisia (3), India (2), 
Thailand (1), Hong Kong (1) and Middle East (1).
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No environmental isolates were received from the UK and 
only four from the USA. This serotype is the predominant human 
isolate in this study but the inclusion of the strains isolated 
during the outbreak in Sudan (Kamal and Zinnaka 1971) and from 
cases of gastro-enterit is in Bangladesh may have produced a sampling 
bias.
6.7.5 V cholerae serofype 6 (37 strains 5.1%)
Strains of this serotype were found mainly amongst the 
UK environmental Isolates,at both Hull and Maidstone PHL from Gulls 
(Lee et al 1982, West 1981). Isolations of this serotype were 
made at both Maidstone PHL and the Food Hygiene Reference Laboratory 
Col indale from Malaysian Prawns. Only three environmental isolates 
of this 0 type were received from other countries.
15 human isolates of this type were received, seven were 
isolated from patients returning from abroad: Tunisia (3), India (1),
Rumania (1) and Saudi Arabla {i ) Three were received from Louisiana 
one of which was isolated from sputum, and two isolated from Canada both 
isolated from ear infections following bathing. Two were received 
from Iraq and one from Bangladesh.
Strains of serotype 6 appear to be frequently found in 
the environment and there is some evidence of environmental origin 
with some of the human infections.
6.7.6 V cholerae seroiype 1 (35 strains 2.9%)
Environmental isolates of this type were received mainly
from Lake Charles, Louisiana, USA, but no human isolates were
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received from that area. Only one environmental isolate was received 
from this country,
19 Human isolates were received, 11 were isolated in this 
country from patients returning in the main from the Indian sub-continent, 
India (7), Pakistan (1) and Nepal (1), In addition isolates were made 
in this country from patients returning from Nigeria (1) and Ethiopia (1).
Three human isolates were received from Bangladesh all of 
which produced enteritis pattern in tests of biological activity.
In addition strains were received from Iraq (2), Jordan (1), Yugoslavia 
(1) and Algeria (1).
There is some evidence from this study that serotype 7 may be 
a common type amongst patients who visit or live in the Indian sub- 
contInent.
6.7.7 V cholerae serotype 2 (54 strains 2.3%)
Strains of this serotype were present in human isolates 
from this country (9) and from other countries (9). One isolate in 
this country was made by blood culture from a patient with 
septicaemia who had no recent travel history. There was some 
evidence to suggest that the vibrio was also isolated from the patients 
urine but not from faeces. Other isolates in this country were from 
patients returning from Spain (1), Ibiza (1), Middle East (1), Tunisia (3), 
Pakistan (1) and India (1),
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Three human isolates were received from Louisiana
USA but no environmental isolates from that area. Other human
isolates were received from Sharjah (1),lraq (1), Holland (1)
(Patient returned from Indonesia) and Algeria (2),
The environmental isolates were mainly from Maidstone 
PHL, from surveys of water in Kent, swan faeces (West 1981) 
and Cockles on the North Kent coast. Only two environmental 
isolates were received from other countries, both from Chesapeake 
Bay USA.
6.7.8 V cholerae 05 (30 strains 2.5%)
Strains of this serotype were received with four 
exceptions from human faeces of patient with diarrhoeal illness. 
Strains were isolated in this country from patients returning from 
Tunisia (4), India (3), Jordan (1), Nigeria (1), Singapore (1), 
Bangladesh (1) Morocco (1) and the Far East (1),
Strains received from human sources abroad were from 
Bangladesh (6), New Zealand (1), Czechoslovakia (4), South Africa (1) 
and Tunisia (1). The strains from Czechoslovakia were all from an 
outbreak of gastro-enterit is of probable food-borne origin (Aldova 
et al 1968), The only strain examined for biological activity 
from this outbreak was found to produce a cholera-like toxin.
The strains received from Bangladesh were isolated during the 
period 1976-79 and three were tested for biological activity and
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all produced an enteritis pattern.
Only four isolates of this type were received from 
environmental sources: one from the River Humber and two from
Lake Charles Louisiana USA and one from water in Bangladesh.
y cholerae serotype 05 Is a predominantly human Isolate 
in this study and, as with 037, several strains isolated from an 
outbreak have been included, which has introduced a sampling bias. 
There is still evidence of a close association with human 
diarrhoeal disease and that strains of this type are common in 
patients with diarrhoeal disease who live or have travelled to 
the Indian sub-continent,
6.7.9 y cholerae serotype 3 (25, 1,9%)
Only one human isolate of this serotype has been 
received, this was from a patient returning from India,
The eight environmental isolates in this country 
were all from the River Humber, The other 14 environmental 
isolateswere received from both Chesapeake Bay and Lake Charles USA.
Strains of this 0 serotype appear to be almost 
specifically environmental in origin in this study,
6.7.10 y cholerae serotype 043 (23, 1.9%)
Strains of this serotype were exclusively environmental 
in origin. One strain was isolated in Chesapeake Bay, USA, the 
other 22 were isolated from the River Humber,
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6.8 R (Rough) types
The number of strains of V cholerae that were agglutinated 
by only R antiserum was very low, six out of 1195 strains tested.
In addition 11 strains were agglutinated by the R antiserum and by 
a specific 0 anti serum.
The six strains,agglutinated only by the R antiserum but 
not by any of the 0 specific antisera probably represent strains 
which have been degraded by the loss of specific 0 antigen. The 
strains were received at Maidstone some time after initial isolation.
Five of these strains were human isolates, one of these produces a 
cholera-like toxin and one an enteritis pattern in biological tests.
Three strains are thought to be degraded V cholerae 01 strains, they 
were all received from Madras, India, and are lysed by one of 
V cholerae 01 phages of Lee and Furniss (1981). They were isolated 
during a cholera outbreak with typical V cholerae 01 strains also isolated 
during this period.
6.9 Non-typable strains
The overall percentage of non-typable strains in this study 
was 21,3%. The number of non-typable strains was higher in the two 
environmental groups, compared to the human Isolates. There were 
21,1% non-typable in the UK environmental isolates and 29,8% in 
the environmental isolates from other countries.
The non-typable rate was 17,6% for UK human isolates 
and 17.5% for human isolates from other countries.
240
7 Production and Examination of anti sera for V cholerae
H (Flagellar) antigens.
7.1 Antisera prepared from whole cell preparations
H agglutinating antisera were prepared using Method 1 
for the following strains:-
V cholerae 0 serotype 2 (VL1029)
V cholerae 0 serotype 7 (VL1034)
V cholerae 0 serotype 8 (VL1035)
V cholerae 0 serotype 23 (VL1050)
Method 2 was used for the following strains:-
V cholerae 0 serotype 45 (VL3396)
V cholerae 0 serotype 63 (VL5630)
All gave high titre H agglutinating titres with both homologous 
and heterologous H antigens (see Tables 38, 39). 0 type specific
agglutinins were also produced but at significantly lower titres 
compared with the H agglutinins (see Table 38).
7.2 Antisera prepared from Flagellar suspensions
H (Flagellar) antisera were prepared from the falgellar 
suspensions of the following strains:-
V cholerae 0 serotype 2 (VL1029)
V cholerae 0 serotype 8 (VL1035)
V cholerae 0 serotype 45 (VL3396)
V cholerae 0 serotype 63 (VL5630)
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ALL gave high titre H agglutinating titres with both homologous 
and heterologous H antigens. 0 type specific agglutinins were 
again also present but at Low titres, see Tables 38-39.
7.3 Method Evaluation
7,3.1 51ide Agglutination
H anti serum prepared from V cholerae 023 (VL1050) 
was selected for use in the Phenol slide agglutination test of Si I 
and Bhattacharyya ( 1979 ). The anti serum was absorbed with a heated 
suspension of V cholerae 023 to remove 0 specific agglutinins. The 
absorbed anti serum was then tested with a range of V cholerae 
cultures using the antiserum in a range of dilutions from neat to 
1 in 100. The anti serum agglutinated all V cholerae suspensions 
up to dilutions of 1 in 50 using the Phenol Slide Agglutination 
method. A dilution of 1 in 20 was selected as a working dilution 
for the antiserum.
All strains of V cholerae 0  types 1 - 75 were agglutinated
by the antiserum with the exception of 0 type 5 which on further
examination was found to be poorly motile. After several 
subcultures through Craigie tube cultures, motile cells were selected 
and a suspension of these was agglutinated by the antiserum.
However, difficulty was encountered with some strains due to 
autoagglutination in phenol.
The absorbed H anti serum was used with a range of
referred cultures received at Maidstone PHL, the results are
shown in Table 37.
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Table 57 Phenol Slide Agglutination Test for V cholerae H antigen
Cultures Total Number Number Number
Tested H positive AutoagglutInable H negative
V cholerae (01) 11 11
V cholerae (non-01) 154 124 24 6
V metschnikovii 33 10 1 22
V anguillarum 30 6 10 14
Aeromonas 3 0 1 2
Total 231 151 36 44
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Table 38 V cholerae H anti sera Agglutination Titres with
Homologous 0 and H Suspensions
Culture used
H Antisera
Maidstone Method of
Number Preparation
Antisera
Antigens
Homologous0 - H
V cholerae 02 VL1029
V cholerae 02 VL1029
V cholerae 07 VL1034
V cholerae 08 VL1035
V cholerae 08 VL1035
V cholerae 023 VL1050
V cholerae 045 VL3396
V cholerae 045 VL3396
V cholerae 063 VL5630
V cholerae 063 VL5630
Whole cell 1 
Flagellar 
Whole cell 1 
Whole cell 1 
Flagellar 
Whole cell 1 
Whole cell 2 
Flagellar 
Whole cell 2 
Flagellar
160
160
320
80
640
320
20
20
10
10
6.400
50.000 
12,800
6.400
25.000 
12,800
800 
1,600
6.400 
12,800
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Table 39 y cholerae H anti sera. Agglutination Titres with 
Homologous and Heterologous H suspensions
Culture used
V cholerae 02
V cholerae 02
V cholerae 07
V cholerae 08
V cholerae 08
V cholerae 023
V cholerae 045
V cholerae 045
V cholerae 063
V cholerae 063
H Anti sera
Maidstone
Number
VL1029,
VL1029
VL1034
VL1035
VL1035
VL1050
VL3396
VL3396
VL5630
VL5630
Method of 
Preparation 
of Antisera
Whole cell 1 
Flagellar 
Whole cell 1 
Whole cell I 
Flagellar 
Whole cell 1 
Whole cell 2 
Flagellar 
Whole cell 2 
Flagellar
H Antigen 
Homologous Heterologous
6,400 6,400
50,000 50,000
12,800 6,400
6,400 3,200
25,000 50,000
12,800 50,000
800 6,400
1,600 12,800
6,400 6,400
12,800 12,800
)us H antigen for H
as the heterologous
H antigen for the other H anti sera.
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The rather high percentage (15.6%) of invalid or auto-agglutinable 
results with the Phenol test detracted somewhat from the value of 
this technique. It was therefore decided to modify the technique 
by preparing the initial suspension in FPB5 and then adding phenol, 
the test details are given in the Materials and Methods section 4.6.1.
This modification both gave clearer agglutination reactions 
and also reduced the invalid (autoagglutination)reactions to less than 
1% when used with a further collection of 141 referred cultures.
All test strains of V cholerae 0 types 0 1-75 gave positive results 
with the modified method. Some strains of V metschnikovii^
V fluvialis and V anguillarum gave positive results. Negative 
results were obtained with cultures of Aeromonas hydrophila, 
Plesiomonas shigelloides and Escherichia coli.
V cholerae Flagellar antiserum prepared from an unheated 
flagellar suspension of strain VL1029 has been tested by both the 
modified phenol and the standard saline method with 50 recent fresh 
isolates of V cholerae. All gave a positive result with the 
modified phenol method and 30 recent isolates gave agglutination 
without Phenol treatment, suggesting that fresh isolates may be Less 
refractive to H agglutinins than cultures adapted to laboratory 
media which usually require phenol treatment before positive H 
agglutination results are obtained by slide agglutination.
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7.3.2 Tube Agglutination
H anti serum prepared from V cholerae 023 (VL1050) was 
used In the evaluation of the test conditions for tube agglutination. 
Results from the different methods used for H suspensions showed that 
all allowed the detection of H agglutination. The period of incubation 
needed to be longer than 4 hours at 50°C as most preparations showed 
negative results at that time. Most gave positive results after 
18 hours incubation at 50°C. Some preparations from Nutrient Agar 
gave better agglutination than those from broth or semi-solid agar. 
Treatment with both Phenol and Formalin allowed detection of H 
agglutination but suspensions without Phenol or Formalin also showed 
H agglutination after 18 hours incubation. Therefore the addition 
of Formalin did not appear to be necessary to demonstrate H 
agglutination In the tube but it was retained on the grounds of safety 
as Formalin-treated suspensions are non-viable.
Experiments with a range of cell concentrations for the 
tube method for H agglutination showed that equal volumes of 
suspensions containing 10® x 5 organisms per cm® and antiserum dilutions 
in volumes of 0.2 - 0.4 cm® in tubes 3" x k" gave complete H 
agglutination with a clear background when incubated at 50°C for 
18 hours. Lower cell concentrations gave lower titres with the 
antiserum and it was difficult to read the end-point of the agglutination, 
Experiments using the tube agglutination method at a lower 
temperature of 37®C gave agglutination reactions that were difficult 
to read and gave lower agglutinating titre with V.cholerae H 
antiserum VL1050.
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7.3.3 Microtitre H Agglutination
H Agglutination reactions were examined using dilutions 
of H anti serum VL1050 and suspensions of V cholerae H antigens used 
in the 0 agglutination microtitre method. The optimum cell 
concentration was 10® x 6 organisms per cm® but the end points of 
agglutinations were difficult to read as H agglutination was very 
weak compared with 0 agglutination under these test conditions and 
therefore was not pursued further.
7.3.4 Co-agglut i nat ion
V cholerae H anti serum was coated onto Protein A-containing 
Staphylococcus aureus suspension using the method of Kronvall (1973). 
Eight strains of V cholerae were tested by a standard agglutination 
technique and by the modified Phenol slide agglutination using H antibody 
coated staphylococcal suspension.
All strains of V cholerae gave a positive result using the 
phenol-treated suspension and staphylococcal suspension and four 
strains of v cholerae gave a positive result using an FPBS suspension 
and staphylococcal suspension.
There did not appear to be any increase in sensitivity or in 
the ease of use of this technique for H agglutination of V cholerae 
therefore no further investigations were made.
8 IHI (Flagellar) Agalutination Results with V cholerae
8.1 Standard Strains
All test strains of Vihrià .cholerae 0 antigen types 1 - 83
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gave a positive slide agglutination test with absorbed H antiserum 
1050 using the modified phenol slide agglutination method. All 
test strains also gave positive tube agglutination reactions with 
a number of y cholerae H antisera used at dilutions ranging from 1 
in 100 to 1 in 500.
8.2 Referred Strains
Since February 1981 all referred cultures of non-01 
V cholerae were tested with V ."cholerae H agglutinating anti sera.
The modified phenol slide agglutinating method was used on 93 
cultures of.v^  cholerae, of various 0 types. 87 cultures gave 
positive results, three gave weak-positive results and two were 
autoagglutinable. The tube method using V cholerae H agglutinating 
antisera was used to test 180 cultures of V cholerae ^ 178 cultures 
gave positive results, one culture gave a weak positive result and 
one culture was autoagglutinable,
8.3 Cross-absorption/titration results
All V cholerae H anti sera were tested to determine their 
H and 0 agglutinating titres with their homologous antigen 
preparations, the results are shown in Table 38. All antisera gave 
high titre results with H antigens except antiserum prepared from 
both whole and flagellar preparations of V cholerae 045 (3396).
0 agglutinating titres were significantly lower than H titres with 
no significant differences in 0 titres between anti sera prepared from 
whole cells or flagellar preparations. H agglutination titres were 
significantly higher with the anti serum prepared from a flagellar
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preparation of 02 (1029) compared with the titre with the anti serum 
prepared from whole cells. Other antisera prepared from flagellar 
preparations had slightly higher H titres compared to anti sera 
prepared from whole cell preparations.
Tables 39 and 40 show the H agglutination titres of the H 
anti sera with both homologous and heterologous H antigen.
No significant differences were found.
Absorption of the H antisera with both homologous and 
heterologous 0 types were performed. The results are given in Table 
41. H anti sera prepared from whole cell preparations of V choleras 
01 and 08 showed a significant reduction of H agglutinating titre 
after absorption with all three cultures. H antisera prepared from 
whole cell and flagellar preparations of V cbolerae 063 also antisera 
prepared from a flagellar preparation of V cholerae 063 showed a reduction 
in their H agglutinating titres.
There was no evidence of H agglutinins specific for 
individual 0 types (Tables 40 and 41). The H agglutinating antisera 
prepared from flagellar preparations appeared more refractive to 
absorption than antisera prepared from whole cell preparations 
(Table 41).
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Table 40 H agglutination titres with a range of H antigens
H Antigens
1029 
whole cell 
V cholerae 02
Antisera
1029 
Flagellar 
V cholerae 02
1035 
Flagellar 
V cholerae _QQ
V cholerae 01
V cholerae 02
V cholerae 07
V cholerae 08
V cholerae 023
V cholerae 045
V mimlcus 041
6.400
6.400
6.400 
1,600
6.400
6.400
6.400
25.000
50.000 
12,800 
12,800
6.400 
1,600
6.400
25.000
25.000
25.000
25.000
25.000
25.000 
12,800
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Table 41 Absorption of V cholerae H anti sera
H Antisera Absorbed H agglutination with antigens
with H2 H8 H63
V cholerae 02 whole cell - 6,400 1,600 6,400
V cholerae 02 whole cell H2 160 320 160
V cholerae 02 whole cell H8 640 320 640
V cholerae 02 whole cell H63 80 20 20
7 cholerae 08 whole cell - 3,200 6,400 6,400
V cholerae 08 whole cell H2 <20 40 <20
V cholerae 08 whole cell H8 40 20 40
V cholerae 08 whole cell H63 <20 80 <20
V cholerae 08 flagellar - 50,000 25,000 6,400
V cholerae 08 flagellar H2 3,200 3,200 3,200
V cholerae 08 flagellar H8 1,600 1,600 1,600
V cholerae 08 flagellar H63 1,600 3,200 3,200
V cholerae 063 whole cell 6,400 6,400 6,400
V cholerae 063 whole cell H2 1,280 1,280 2,500
V cholerae 063 whole cell H8 1,280 1,280 2,500
V cholerae 063 whole cell H63 2,500 1,280 2,500
V cholerae 063 flagellar - 12,800 6,400 12,800
V cholerae 063 flagellar H2 3,200 3,200 3,200
V cholerae 063 flagellar H8 3,200 3,200 3,200
V cholerae 063 flagellar H63 3,200 3,200 3,200
Key: H2 = suspension of V cholerae 02 in FPBS
H8 = suspension of V cholerae 08 in FPBS
H63 = suspension of V cholerae 063 in FPBS
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9 Production and Examination of H antisera for other Vibrio
species
9.1 V fluvial is
H agglutinating anti serum was prepared from Vibrio 
fluvialis biotype I (VL5125) (Lee et al 1981) using whole cell 
method 2.
The antiserum agglutinated an H suspension (unheated) of
VL5125 to a titre of 1 in 10,000 and an 0 suspension (heated) to a
titre of 1 in 40. A suspension of V fluvialis biotype 2 (VL2389) 
(Lee et al 1981) was agglutinated to a titre of 1 in 5,000.
9.2 V metschnikovii
H agglutinating antiserum was prepared from Vibrio 
metschnikovii (VL409) (Lee Donovan and Furniss 1978) using whole 
cell method 2. The antiserum agglutinated an H suspension of 409 
to a titre of 1 in 5,000 and an 0 (heated) suspension to a titre of 
1 in 160,
9.3 V anguillarum
H agglutinating anti serum was prepared from vibrio 
anguillarum (VL1490) using whole cell method 2, The anti serum 
agglutinated an H suspension of 1490 to a titre of 1 in 640 and an 0 
(heated) suspension to a titre of 1 in 20.
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9.4 y parahaemolgticus
H agglutinating antiserum was prepared from vibrio 
parahaemolyticus (VL515) using whole cell method 1. The anti serum 
agglutinated an H suspension of VL515 to a titre of 1 in 640 and 
an 0 (heated) suspension to a titre of 1 in 160. The antiserum also 
agglutinated an H suspension of V parahaemolyticus (VL1225),
V alginolyticus (VL463) and (VL1252) to similar titres.
9.5 V alginolyticus
H agglutinating antiserum was prepared from vibrio 
alginolyticus (VL463) using whole cell method 1. The anti serum 
agglutinated an H suspension of VL463 to a titre of 1 in 640 and an 
0 (heated) suspension to a titre of 1 in 320. The antiserum also 
agglutinated H suspensions of V parahaemolyticus (VL515) and 
(VL1225) also V a l g i n o l y t i c u s(VL1251) to similar titres.
V alginolyticus (VL463) and V parahaemolyticus (VL515)
H anti sera did not agglutinate the following H suspensions ot other 
Vibrios
V metschnikovii VL409
V metschnikovii VL2196 
VL5125 
VL2386 
VL1490 
VL6054 
VL1029 
VL5630
V fluvialis
V fluvialis
V anguillarum
V anguillarum
V cholerae
V cholerae
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9.6 Cross absorption/titration results
Absorption of H agglutinating antisera were performed 
and the absorbed and unabsorbed anti sera were titrated with 
Vibrio H suspensions, the results are shown, in Table 42.
The relationships between the flagellar antigens of v cholerae,
V fluvialis, V metschnikovii and V anguillarum are clearly 
demonstrated. The absorption of V cholerae and V metschnikovii 
H antisera with suspensions of V fluvialis rendered the antisera 
mono-specific for V cholerae and V metschnikovii. Complete 
specificity by single absorption was not attained with V fluvialis 
and V anguillarum antisera as they still agglutinated other species. 
Further absorption of V anguillarum H antiserum first with
V fluvialis suspension and then with V cholerae rendered the anti serum 
mono-specific for V anguillarum.
Further absorption of V fluvialis H anti serum with
V anguillarum and 7 metschnikovii also with 7 metschnikovii
and 7  cholerae suspensions did not completely render the ant I serum 
species-specific. After diluting the antiserum following 
absorption the anti serum was mono-specific for 7 fluvialis.
The apparent mono-specific and the unabosrbed H anti sera 
were tested with a range of other H suspensions using a single 
working dilution of antisera, the results are shown In Table 43.
The results indicate that most absorbed antisera are species-specific 
with this range of antigens. Some strains of 7  anguillarum are
agglutinated by absorbed 7 cholerae and 7 fluvialis anti sera
indicating that 7  anguillarum strains may not be homologous with
regard to their H antigens.
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Table 42 Cross-absorption tests with V cholerae, V metschnikovii 
V fluvialis and V anguillarum H anti sera
Serum Absorbed
with V chol­erae
H
Antigens
V metsch­nikovii
H H
l i m i
H
VL1029
V cholerae H unabsorbed 10,000 2,500 2,500 160
H. V cholerae 80 20 20 20
V metschnikovii 2,500 20 80 20
V fluvialis 5,000 20 20 20
V anguillarum 5,000 20 80 20
VL409
V metschnikovii H unabsorbed 20 5,000 80 20
V metschnikovii 20 80 20 20
V cholerae 20 2,500 20 20
V fluvialis 20 5,000 20 20
V anguillarum 20 5,000 40 20
VL5125
V fluvialis H unabsorbed 320 640 10,000 160
V fluvialis 40 80 1,280 20
V cholerae 40 160 5,000 80
V metschnikovii 160 20 5,000 80
V anguillarum 160 320 5,000 20
VL1490
V anguillarum H unabosrbed 80 80 80 640
V anguillarum 20 20 20 40
tt V cholerae 20 20 40 320
tt V metschnikovii 20 20 20 80
It V fluvialis 40 20 20 320
rum
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Table 43 H Agglutination Reactions with Absorbed and Unabsorbed
. H Ant i sera
H Antigens H Anti sera used at Working Dilution
VI y ohol- 7 fluv 7 metsch­ 7 ang­erae ialis nikovii uillarum7 anguillarum 2045 ++ (++)
V anguillarum 2176 ++ {++)
7 anguillarum 2206 ++ (++) + ( + ) + ( — ) ++ (++)
V anguillarum * 6054 + + + ( - ) + + (++)
7 anguillarum 6055 ++ (±) + + ( - ) + ( — ) ++(++)
V metschnikovii 2068 + + + ( - ) ++ {++)
V metschnikovii 2484 + + ( — ) ++ (++)
V metschnikovii 2468 + ( - ) ++ (++)
V fluvialis 2088 ++ + + ( + +) ++ (-) + + ( - )
7 fluvialis 2926 ++ + + ( + +) ++•(-) + + ( — )
7 natriegens 2019
V camphellii 2189 + + ( — )
V nigrapulchrituda 8181 +
7 harveyi 6059
7 vulnificus 8715 ± + ( - ) + ( - )
V mimicus 3784 ++ (++) + + ( - ) + ( — ) + ( - )
Work ing d Îlut ion of Antisera
Unabsorbed Absorbed
7 cholerae 1 in 100 1 in 100
V fluvialis 1 in 100 1 in 50
V metschnikovii 1 in 100 1^:4 n 100
V anguillarum 1 in 40 1 in 20
Key: Results in brackets ( ) = reaction with absorbed ant I serum
Results, nc brackets = react Ion with unabsorbed anti serum
+ + 
+ 
+
strong agglutination 
inoderate agglutination 
weak agglutination
= no agglutination 
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could not be selected by subculture through Craigie tube cultures.
The use of both unabsorbed and absorbed (species-specific)
V cholerae H anti serum has been recommended by the author and Issued 
to some other Public Health laboratories for use as a test to aid the 
identification of V cholerae of all 0 types, the details of the 
method recommended with the Issue of the anti sera Is given in 
the Appendix,
10. , Examination of 7 cholerae Extracts
10.1 Countercurrent Immunoelectrophoresis (CIE)
Preliminary experiments using ultrasonic extracts of
suspensions of 7 cholerae 0 serotypes 2, 45 and 63 with antisera 
raised against these extraces were used to establish the test 
conditions used throughout the CIE studies.
In addition to antisera raised against ultrasonic extracts, 
7 cholerae 0, H and R anti sera prepared as agglutinating antisera 
were also used in the CIE studies.
10.1.1 Ultrasonic Extracts (US)
The results are given in table 44, multiple lines of 
precipitation were detected in all ultrasonic extracts. The 
anti serum prepared from 7 cholerae R  test strain 3583 (RU5) 
appeared to contain at least three common or non-specific 
immuno-precipitins. 0 antisera gave single precipitin Lines only 
with their specific 0 type extract except 7 cholerae 0 ant I sera,2 
and 9 which also gave lines of précipitai ion with 09 and 02 extracts
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The extract of 09 gave 2 Lines of precipitation with 09 antiserum.
Standard agglutination tests have also shown a reciprocal
relationship between 0 serotype 2 and 9. Flagellar (H) antisera
gave inconsistent results with the range of anti sera and extracts
tested suggesting variation in amounts of flagellar antigen in 
the extracts and variable sensitivity in the antisera used.
10.1.2 Mickle Extracts (M)
These extracts gave results similar to the ultrasonic 
extracts with a reduction in the number of extracts showing lines 
or a line or precipitation.
10.1.3 0 Antigen Extracts (0)
These’extracts all gave multiple lines of precipitation 
with the 7 cholerae (RU5) anti serum and most gave a line of 
precipitation with their homologous 0 anti serum. No lines were 
given with H anti sera with heterologous 0 types,
10.1.4 Broth Extracts (BR)
These extracts gave no lines of precipitation with 
7 cholerae (RU5) and H anti sera. Single lines of precipitation 
were given by extracts of 0 types 2, 8 and 45 with their homologous 
0 antisera only.
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10.1.5 Cold Saline Extracts (Saline)
These extracts gave similar results to US extracts 
showing multiple lines of precipitation with 7 cholerae 
(RUS) antiserum. The results are shown in Table 45. No lines 
of precipitation were found with extracts tested with 7 cholerae 
H antiserum.
10.1.6 Cold Formal Saline Extracts (FS)
These extracts gave similar results compared with saline 
extracts. Some single Lines of precipitation with 0 antisera found 
with Saline extracts were not detected with FS extracts. No 
additional lines of precipitation were found with FS compared to 
Saline.
10.1.7 Cold Distilled Water Extracts (Water)
These extracts gave results indistinguishable from FS
extracts.
10.1.8 Crude FlagelI in Extracts (FL)
No lines were found with 7 cholerae H anti serum with 
these extracts. Multiple lines were found with all extracts with 
7 cholerae RUS antiserum. This method of extraction either did not 
extract flagellins or the H antiserum did not contain anti-flagelIin 
immuno-precipitins. Common soluble antigens were, however, extracted 
by this method.
260
10.1.9 LIpopoLysaccharide Extracts (LPS)
The results with these extracts are shown in table 46. 
Single specific lines were given by all extracts with their 
homologous 0 anti sera. No lines were given with heterologous 0 
antisera. The V cholerae RUS anti serum only gave a single line of 
precipitation with 7 cholerae R and 045 extracts, suggesting that 
the LPS extract of 7  cholerae 045 contains an additional antigen.
10.1.10 Heat Stability of Soluble Antigens
Ultrasonic (US) extracts of 7 cholerae 0 types 2, 8, 45, 63 
and the R antigen strain (3583) were heated at 50°C for 60 minutes, 
100°C for periods of 30, 60 and 120 minutes, also 121°C for 30 
minutes. The results are shown in Table 47. Some of the antigens 
detected by the 7 cholerae RUS anti serum are Lost after heating at 
50°C, all are lost after heating at 100°C for 1 hour. 0 specific 
antigens are not destroyed by heat except for the apparent loss of 0 
antigen 63 after heating at 100°C for 30 minutes but this antigen is 
detected after heating at 100°C for 120 minutes. This pattern of 
loss and gain of 0 antigen was also found in the studies of heat 
stability using agglutination methods with this strain.
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Table 44 Countercurrent Immunoelectrophoresis (CIE) Results with
Ultrasonic Extracts of V cholerae
Antisera Ultrasonic Extracts of V cholerae
0 serotype 2 8 9 45 63 R
V cholerae 0 2 + - + - - -
V cholerae 0 8 - + - - - -
V cholerae 0 9 + - ++ - - “
V cholerae 0 45 - - - + - -
V cholerae 0 63 - - - — +
V cholerae R - - - — - 4*
V cholerae H 2 + HT - NT NT +
V cholerae H 8 + + - NT NT -
V cholerae H 23 + + - - + -
V cholerae 0 2US + + + + + + + +
V cholerae 0 45US + + + + + + +
V cholerae 0 63US + + + + + + + +
V cholerae R US + + + + + + + + + + + + +
Key: US = antisera prepared using an ultrasonic extract as the
immunizing antigen 
+++ = multiple lines of precipitation 
++ = 2 lines of precipitation 
+ = i line of precipitation 
- = no line of precipitation seen 
NT = not tested
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Table 45 Countercurrent Immunoelectrophoresis (CIE) Results
with Cold Saline Extracts of V cholerae_
Antisera 0 Serotype 2 8 9 45 63 R
V cholerae 0 2 + ~ - - - -
V cholerae 0 8 - + - - - -
V cholerae 0 9 - - + - - -
V cholerae 0 45 - - - + - -
V cholerae 0 63 - - - - + -
V cholerae R - - - - - + +
V cholerae H 23 - - - - - -
V cholerae 0 2U5 + + + + + +
V cholerae 0 45US + 4* + + + + + +
V cholerae 0 63US + + + + + +
V cholerae R US +  +  + + +  +  + +  +  + +  + + + +
For Key see Table 44
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Table 46 Countercurrent Immunoelectrophoresis (CIE) Results
with LipopoLvsaccharide Extracts of V cholerae
Antisera
V cholerae 0 2
V cholerae 0 8
V cholerae 0 9
V cholerae 0 45
V cholerae 0 63
V cholerae R
V cholerae 0 2U5
V cholerae 0 45US
V cholerae 0 63US
V cholerae R US
0 serotype
Lipopolvsaccharide Extracts of V cholerae 
2 8 9 45 63 R
+
+ NT NT NT NT
+
NT
NT NT NT + NT NT
NT NT NT NT + NT
+ +
For Key see Table 44
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Table 47 Heat Stability of Ultrasonic Extracts of V cholerae
Ultrason ic Extracts of V cholerae
Time minutes 
Temperature °C
Extract
Unheated
60
50
30
1 0 0
60
1 0 0
1 2 0
1 0 0
30
121
(7 cholerae 0 2 + + + + + ± Antigen 0 2
(7 cholerae R US + + + + - - - - Antigen 0 2
(7 cholerae 0 8 + + + + + + Antigen 0 8
(7 cholerae R US + + + + - - - - Antigen 0 8
(7 cholerae Q 45 + + + + + + Antigen 0 45
(7 cholerae R US + + + + + + — - - Antigen 0 45
(7 cholerae 0 63 + + - - + + Antigen 0 63
(7 cholerae R US + + + + + - - - - Antigen 0 63
(7 cholerae R + + + + + + - Antigen R
(7 cholerae R US + + + + + + + + + Antigen R
c<
Key: US = ultrasonic extract used as Immunizing antigen
+++ = multiple lines of precipitation 
++ = 2 lines of precipitation 
+ = 1 Line of precipitation 
- = no lines of precipitation seen.
265
10.2 Double Diffusion (DP)
The double diffusion method was used for a similar range 
of antigen preparations and antisera. The results confirmed In the 
main the CIE results, occasional precipitin lines were present In the 
CIE preparations and could not be detected when tested by DD.
Lines of identity were established for the ultrasonic 
extracts when tested with the antisera raised from ultrasonic extracts 
antigen. Lines of Identity were established when LPS extracts were 
tested with other extracts from the same vibrio with homologous 0  
sera. Differences in lines of precipitation were established for LPS 
extracts from serotypes 01, 02, 08, 045, 063 and R when tested with 
homologous anti- 0  sera.
Plate 4 illustrates the common soluble antigens of 
V cholerae demonstrated by DD.
Figure 5 illustrates the specificity of the LP5-0 antisera 
lines of immuno-precip I tat Ion by double diffusion.
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Plate 4 Double Diffusion of V cholerae 0 45 Extracts and Antlsera
B
'% :
Plate 4
Well 1 = US extract 0 45
Well 2 = M extract 0 45
Well 3 = H extract 0 45
Well 4 = 0  extract 0 45
Well 5 = Broth extract 0 45 
Well 6 = Saline extract 0 45 
A central well = Antl-R (ultrasonic) serum 
B central well = Anti-0 45 (ultrasonic) serum
Common soluble antigens are detected with the antIrR serum and 
ant 1-0 45 serum. Ant 1-0 45 detects additional antigens. In particular the 
diffuse line near the antigen well 1 and 4 In Figure B which Is probably 
the heat-stable 0 specific antigen.
267
Figure 5 Double Diffusion of V cholerae LPS extracts and 0 antlsera
I I 2 9
Figure 5
Top row LPS extracts labelled with 0 type.
Bottom row Homologous 0 sera
This shows lines of identity with both extracts of 
homologous 0 (lines join) types and lines showing Lack of identity 
with heterologous types (lines cross over).
No lines were seen when LPS extracts were tested with heterologous 
0 sera.
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10.3 Immunoelectrophoresis (lEP)
A limited study of US extracts showing both multiple lines
by CIE and DD also LPS extracts showing single lines was undertaken. 
Attempts to separate the lines of precipitation with US extracts 
were disappointing in that only 3 - 4 separate lines were found with 
their homologous antisera prepared from using US extracts as an 
immunizing antigen. Lines given by the LPS extracts were found as 
single lines slightly displaced to the anode side of the well and 
could be identified within the lines given by the US extracts by 
reference to the LPS line as shown in figures*
The common soluble antigens were found in the main further
displaced to the anode side but a common antigen line was found in 
most US extracts that was close to the antigen well and did not 
migrate.
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Figure 6 Immunoelectrophoresis of V cholerae extracts
A I Hr"
e> 4M
Specific 0
Common 
/  \
Spec ific 0
Figure A. Top LPS Extract 0 2 Figure B Top US Extract R
Trough Anti-0 2 US serum Trough Anti- 0  45US serum
Bottom US Extract 0 2 Bottom US Extract 0 45
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11 Tests for Motility and Immobilization by Antisera
11.1 Motility
11.1.1 Motility Microscopic Methods
Cultures of V cholerae 0 type 2 (VL1029) and v cholerae
0 type 8 (VL1035) were used in experiments to determine the optimum 
culture conditions for producing highly-motile cells as it was 
thought that this would aid the evaulation of H agglutination reactions.
Cultures of both strains of V cholerae gave higher levels 
of motility when grown at 30“C for 16 hours compared with lower 
levels of motility when grown at 25, 37 and 40°C for the same period 
of time in liquid, semi-solid and HIA cultures.
Motility was examined by a variety of microscopic methods.
It was possible to estimate the percentage of motile cells by diluting 
cultures in nutrient broth at 30°C and then by microscopic examination 
of. a coverslip preparation using an oil immersion objective 
(XlOO Wild).
The use of Methyl cellulose in PBS and Nutrient broth 
(Schneider and Doetsch 1974) was also found to be of value by 
reducing the cellular movement by an increase in viscosity and this 
allowed an easier evaluation of the percentage of motile cells.
Cultures of V cholerae 01 IVL5065) and V cholerae 05 
(VL1032) were selected for use in an evaluation of motility by the 
method previously described as these cultures were thought to be non- 
or poorly-motile as they gave weak or no agglutination with 
V cholerae H antisera. The motility results with these and other
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reference cultures were as follows
Vocholerae 0 1 (VL5065) less than 5% moti e cells
V cholerae 0 2 (VL1029) 75-95% mot i e cells
V.-cholerae 0 5 (VL1032) 25-50% mot i,e cells
V cholerae 0 8 (VL1035) 50-75% mot i e cel Is
V cholerae 023 (VL1050) 50-75% mot i e cells
V cholerae 045 (VL3396) 50-75% mot i.e cells
V cholerae 063 (VL5630) 50-75% mot i e cells
V cholerae R (VL3583) 50-75% mot i e cells
11.1.2 Motility - Growth in Semi-SoI id Media
The use of Craigie tube cultures was found to be of some 
value in distinguishing highly-motile cultures of Vibrio cholerae 
from non- or poorly motile cultures. The highly motile cultures of 
V cholerae^ eg V cholerae 02 (VL1029) showed visual surface growth, 
after incubation at 30 C for 18 hours following inoculation of the 
inner tube of Craigie tube cultures. Attempts to quantify the 
degree of motility by the use of varying agar concentrations and 
the use of 2:3:5-triphenyltetrazolium chloride (TTC) as an 
indicator of growth weee unsuccessful.
Attempts to quantify motility by the uee of semi-solid 
agar in 9 cm Petri Dishes was found to be of some value. 
Significantly larger zones of surface growth were obtained with 
highly motile cultures such as v cholerae 02 (VL1029) compared with 
a poorly motile culture such as V cholerae 01 (VL5065). However 
the difficulties in preparing and handling such preparations was 
thought to preclude a wider use of this technique.
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Table 48 Resùlts of Immobilization tests with V cholerae cultures 
using V cholerae H antisera
Test Cultures
Serum Dilut ions
Anti serum 200 400 800 1000 3200
V cholerae 0 2 (1029) H 2 — ± ± ± +
V cholerae 0 2 (1029) H 8 + + + + +
V cholerae 0 8 (1035) H 2 + + + + +
V cholerae 0 8 (1035) H 8 - + ± ± +
V cholerae 0 45 (3396) H 2 + + + + +
V cholerae 0 45 (3396) H 8 + + + + +
V cholerae 0 63 (5630) H 2 + + + + +
V cholerae 0 63 (5630) H 8 + + + + +
Key: = total immobilization, growth restricted to central inoculum
± = partial immobilization, growth mainly restricted to central
inoculum
+ = no immobilization, diffuse growth.
Serum H 2 = prepared from cultures 1029 agglutinates V cholerae H 
antigens to a titre of 1/5000 homologous 0 titre 1/320 
Serum H 8 =^prepared from culture 1035 agglutinates V cholerae H 
antigens to a titre of 1/10000 homologous 0 titre 1/100
273
11*2 Immobilization by Anti sera
11.2.1 Microscopic Method
Broth cultures of V cholerae 08 (VL1035) and V cholerae 
023 (VL1050) were not immobilized by the addition of H agglutinating 
antiserum. 0 specific antisera did immobilize both cultures.
11.2.2 Growth in semi-solid media
A series of dilutions of anti sera were prepared in 3 x '4 " 
tubes containing 0.3% agar in nutrient broth all were inoculated 
centrally with a straight wire. The results after incubation at 
30°C for 18 hours are shown in Table 48,
Cultures of V. cholerae were not immobilized by H
antiserum containing no specific 0 agglutinin for the specific
strain used. H antisera containing in addition to the H agglutinin 
specific 0 agglutinins immobilized the cultures up to a dilution of 
the same order as the 0 agglutinating titre.
There was therefore no evidence of immobilization of 
V cholerae cultures by the anti sera containing only H agglutinins.
0 specific antisera did immobilize their specific strains.
12 Flagella Staining and Electron Microscopy
12.1 Flagella Staining
The following cultures were examined by a modification of 
Fontana's silver plating method (Rhodes 1958):
V cholerae serotype 01 (VL5065) No flagella seen
V cholerae serotype 02 (VL1029) Numerous single polar flagella seen*
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V cholerae serotype 05 (VL1032) No flagella seen
V cholerae serotype 08 (VL1035) Moderate numbers of single
polar flagella seen.
These findings correlate with the results of examinations 
for motility with these cut lures which showed culture VL1029 to be 
highly motile, culture VL1035 to be moderately motile and cultures 
VL5065 and VL1032 to be poorly motile,
12.2 Electron Microscopy
12.2.1 Flagellar Preparations used for Antiserum production
These preparations were examined prior to their use as
immunizing agents for the production of H (Flagellar) antisera.
The flagellar suspension prepared from V cholerae 02 (VL1029) when 
examined with the electron microscope showed a mass of flagella 
fragments, none of which appeared to be sheathed. Examination of 
flagellar suspensions prepared from V cholerae 08 (VL1035),
045 (VL3396) and 063 (VL5630) showed a small proportion of sheathed 
flagella within the mass of the flagella fragments. All preparations 
had some background debris but no vibrio cells were seen.
12.2.2 Suspensions from Nutrient Agar cultures
All preparations from V cholerae cultures showed cells 
with a distinct curvature and single polar flagellum. Preparations 
from cultures of V cholerae 02 (VL1029), 063 (VL5630) showed both 
sheathed and unsheathed polar flagella, in some cases as shown in 
plates 9 and 10 the flagellum core was shown protruding through the 
sheath. Preparations from culture of V cholerae 08 (VL1035)
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showed predominantly cells with a sheathed polar flagellum.
Preparations from V cholerae R (3503) showed cells with predominantly 
sheathed polar flagella as shown in Plate 11. The cell wall outer 
membrane appeared similar to preparations of other strains of
V cholerae examined.
Preparations of V cholerae 045 (VL3396) which had shown a 
gain in 0 agglutinability during initial heating at 100° C, when 
examined by Electron Microscopy showed cells with predominantly sheathed 
polar flagella. In addition there appeared to be an envelope or 
microcapsule-like structure partially detached from the cell wall as shown 
in plates 12 and 13.
Preparations from other vtbrio species showed a number 
of morphological features not seen in the Electron Microscopy of
V cholerae suspensions. Preparations of V parahaemolyticus and
V alginolyticus from cultures grown on solid media showed cells with 
numerous, lateral short-wave, non-sheathed flagella as shown in plate 
5, A sheathed polar flagellum and lateral flagella of short wave 
length were seen by Lee et al (1981) in preparations of V fluvialis.
Plate 6 shows both a sheathed long wave length flagellum and an 
unsheathed lateral short wave length flagellum of V fluvialis biovar II 
(VL5909).
Fimbriae were not detected in any Electron Microscope 
examinations of cultures of V cholerae. However special cultural 
conditions weee not used to aid the demonstration of fimbriae.
Fimbriae were detected in the examination of V fluvialis biovar II 
(5975) as shown in Plate 7,
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Plate 5
7 alginolyticus (1251) showing a mass of lateral non-sheathed 
short wave-form flagella.
This electron micrograph was prepared by J V Lee and A A Porter
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Plate 6
A polar sheathed long-wave-form and a lateral non-sheathed 
short wave-form of 7 fluvialis biovar I I 5909.
This electron micrograph was prepared by J V Lee and A A Porter
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Plate 7
ê
V fluvialis biovar II (5975) showing a polar sheathed Long 
wave-form flagellum and fimbriae.
This electron micrograph was prepared by J V Lee and A A Porter
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Plate 8
A sheathed long wave-form flagellum of V cholerae 02 (1029) 
with the flagellum core protruding.
This electron micrograph was prepared by T J Donovan and A A Porter.
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Plate 2
A sheathed Long wave-form flagellum of V cholerae 02 (1029) with 
the sheath retracted showing the flagellum core.
This electron micrograph was prepared by T J Donovan and A A Porter
28
Plate 10
V cholerae 063 (5630) showing a sheathed long wave form polar 
flagellum with fragments of flagellum core.
This electron micrograph was prepared by T J Donovan and A A Porter
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Plate 11
f
V cholerae R (3583) with sheathed long wave-form polar flagellum
This electron micrograph was prepared by T J Donovan and A A Porter,
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Plate 12
V cholerae 045 (3396) showing a partially detached envelope or 
microcapsule-1 ike structure.
This electron micrograph was prepared by T J Donovan and A A Porter
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Plate 13
Cells of V cholerae 045 (3396) showing partially detached 
structures resembling envelopes or microcapsules.
This electron micrograph was prepared by T J Donovan and A A Porter
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DISCUSSION
1 The Identification of Vibrio>s
1.1 Taxonomic Strategy
The classification of vibrios by early workers, Greig (1913),
Kabeshima (1913), Greig (1916) Mackie (1922) Gardner and Venkatraman 
(1935) was greatly influenced by the use of tests to determine their 
antigenic relationships. Their objectives were to distinguish vibrios 
that caused clinical cholera from other vibrios, for which terms like 
non-cholera vibrio (NCV) and non-agglutinating vibrio (NAG) were used. 
These terms are unsatisfactory and invalid in modern taxonomy because 
they are merely terms of exclusion rather than of identification.
With the development of tests for biochemical and 
physiological characters which have allowed the development of the 
taxonomy of vibrios to proceed along accepted lines of classification, 
the antigenic relationships of vibrios have been relegated in.-terms of 
their value in taxonomy. This has allowed the establishment of the 
species Vibrio choie rae y y fbe use of the characterizing tests 
described by Hugh and Sakazaki (1972) which excluded tests for 0 
antigens. However the value of the identIifeat Ion of the specific 
0 1 antigen (Gardner and Venkatraman 1935) has been retained because 
of the continuing importance of this serotype of V cholerae |n the 
diagnosis of the disease cholerae and all the international 
ramifications involved.
The value of recent taxonomtc studies on vibrios and 
related bacteria (Lee, Donovan & Furniss, 1978; Lee et al 1981;
Baumann et al 1980) has allowed the development of systems of
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identification based on the results of characterizing tests. Tests 
that were found to be of value are described in the Methods and 
Materials section and the use of tables of expected reactions for 
vibrios and related bacteria are described in the Introduction section. 
The use of these in the identification of vibrios was found to be both 
practical and to reflect the current taxonomy of vibrios. The results
of this study support the concept of using biochemical and 
physiological characterizing tests to establish the practical
identification of vibrios. The role of DNA guanine + cytosine (G + C)
ratio estimations is to verify the validity of differences or 
similarities demonstrated by phenotypic characters when phenotypic 
characterizing tests do not distinguish between strains that show 
significant differences in DNA G + C ratios.
The influence of DNA relatedness on the taxonomy of vibrios 
is now emerging with the study of biochemically atypical strains of 
V cholerae and the deisgnation of a new species V mimicus by Davis 
et al (1981). The application of this technique to other species in 
the genus Vibrio could be of value for the development of the taxonomy 
of the genus. However the work of Davis et al attempts to belittle 
the role of antigenic components even further in both classification 
and identification by ignoring the almost Identical antigenic structure 
of V cholerae and the proposed new species V mimicus.
The results in this thesis cannot support the view of the 
WHO Scientific Working Group (1980) on the nomenclature of the species
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V cholerae. The WHO Scientific Working Group (1980) were concerned 
about inclusion of strains of vibrios in the taxon V cholerae which 
do not have 01 antigens and stated ’It is extremely unfortunate that 
these other vibrios,many strains of which are non-pathogenic or of 
doubtful pathogenicity, should have been included in the species
V cholerae^ which to the public, microbiologists, physicians and 
public health personnel has an implied epidemic potential. Another 
species name that did not already have a well-established and 
emotive meaning should have been selected,’ This view seeks to 
impose a taxonomy based on convenience and not om the scientific 
facts of the results of DNA homology, biochemical and physiological 
characterization tests which support the concept of a single species 
for these vibrios. The WHO Scientific Working Group's view would 
promote the possession of an antigen (the V cholerae 01 antigen) as 
the main characterising tests for a species consisting of strains
of identical antigenic structure.
Despite their concern regarding the potential confusion 
of their use the WHO Scientific Working Group accept the 
nomenclature of the taxonomists and use the names V cholerae 0 Group 1 
(epidemic strains) or V cholerae 01 and non-0 Group 1 V cholerae 
(non-epidemic strains) or non-01 V cholerae. This policy has been 
used in this thesis and the results obtained during this study support 
the use of this policy at the present time.
If the range of 0 antigens found within the species
V cholerae had been limited to a small number, the use of the exclusion 
term 'Non-01’ could have been avoided with provision of a small number 
of 0 antisera for identification. However, as shown in this thesis
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the range of 0 antigens found within the species V cholerae |s at 
least 84, therefore it is not feasible for all laboratories to have 
available antisera to cover this range. Therefore the use of the 
term Non-01 V cholerae seems unavoidable in the absence of 
facilities to identify serotypes other than 01.
The potential value of the use of the H antigenic structure 
of vibrios for taxonomy was discussed by Bhattacharyya (1975) when she 
examined the cross-reactions of some vibrio H antisera. The results 
obtained during the present course of study, which investigated a wider 
range of species and cultures than Bhattacharyya (1975) support her 
view that a pattern of vibrio antigenic structure is evident. This 
pattern is significantly different from other genera, eg Salmonella 
and may be related to the differences between the characteristic polar 
sheathed flagellar morphology of vibrios compared with the 
peritrichous naked flagella of Salmonella, Vibrio H antigens have not 
been detected in other related genera both by Bhattacharyya (1975) and 
in this study. Vibrio H antigens appear with one exception, those 
of V anguillarum  ^ to be completely homologous within a given species. 
Cross-reactions of H antigens between Vibrio species occur and these 
may indicate phylogenetic relationship between the different species.
H antigens specific to individual species, for example Vibrio cholerae, 
were detected by the use of cross-absorption studies and these are 
homologous within the given species.
The lack of uniformity of H antigens found amongst strains of 
V anguillarum may reflect the lack of uniformity found within this 
species by other workers (West 1981; Baumann, Furniss and Lee 1982)
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using biochemical and physiological tests. West (1981) found 
reference and working strains of V anguillarum were not confined 
to a single phenon. He suggested further taxonomic work to 
clarify the relationships of these vibrios. It is suggested 
that further taxonomic studies with V anguillarum cultures should 
include the H antigenic structure of these vibrios.
No investigation of inter-species reactions with 0 
antigens or anti sera was conducted during the course of this study 
but support is given to the value of 0 antigens as a means of 
identification of sub-species or serotypes within species 
(Bhattacharyya 1975).
The H antigenic structure of vibrios appears to be 
significantly different from that of genera such as Salmonella 
and Pseudomonas in that it is homologous within a species and does 
not reflect differences in antigenic structure within a species. 
Therefore the value of the H antigenic structure of vibrios should 
have a significant influence on taxonomy. It is recommended that 
species-specific H antigens showing homology within a given species 
should be used as one of the criteria for validating vibrio species.
Using that concept the results obtained during this 
study would support the validity of the species V cholerae,
V metschnikovii, V fluvialis and V anguillarum, It would not 
support the separation of V mimicus from V cholerae nor V alginolyticus 
from V parahaemolyticus.
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1.2 Subdivisions within the species
1.2.1 Biotypes of V cljiolerae Q1
The 29 cultures of V cholerae 01 initially studied were 
clearly subdivided into classical and eltor biotypes with the tests 
given in Table 16. Recently environmental isolates of V cholerae 01, 
for example strain VL6009 isolated from a brackish drainage ditch in 
Kent (Bashford et al 1979) have shown a strongly haemolytic reaction 
which was not shown by any of the V cholerae 01 strains initially 
studied. This character along with resistance to the V cholerae
phages 13, 14, 16 and 24 of Lee and Furniss (1981, 1976) may be of
value In the recognition of strains of V cholerae 01 of environmental 
origin, which do not produce cholera toxin (WHO Scientific Working 
Group 1980).
In 1981 a culture of V cholerae 01 was received from 
Portsmouth Public Health Laboratory, where a vibrio had been isolated 
from a patient returning from a holiday in Malta. There was no 
record of cholera on Malta at this time. The culture showed a 
strongly haemolytic reaction and did not show any lysis with V cholerae 
phages 13, 14, 16 and 24. The culture was referred to Dr D 
Broadbent of the London School of Hygiene and Tropical Medicine, 
who found that the vibrio did not produce cholera toxin. This 
information enabled the health authorities in Malta to continue to 
report Malta as free of clinical cholera. Subsequently an epidemiological 
investigation in Malta showed no isolates of V cholerae 01 from cases 
of gastre-enteritis but several isolations of V cholerae 01 were made
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from the environment, all strains were strongly haemolytic and 
were not lysed by v cholerae phages 13, 14, 16 and 24 and were 
assumed to be non-toxigenic.
However, human isolates of V choierae 01 in the USA 
(Blake et al 1980) were strongly haemolytic, produced cholera-like 
toxin but were lysed by V cholerae phages 13, 16 and 24.of Lee and 
Furniss (1981, 1976). Therefore caution needs to be used in
correlating haemolysis with lack of production of cholera toxin- 
with strains of V cholerae 01 In the absence of specific tests for 
cholera toxin production and phage-typing results,
1.2.2 Bioivpes of Non-01 V cholerae
The 76 cultures of Non-01 V cholerae initially studied 
could be divided into Heiberg (1935) groups 1, II and V. No 
cultures were found which could be classified into Heiberg groups 
III, IV or VI. In addition no strains of V cholerae 01 or non-01 
received for serotyping during the period of this study could be 
classified in these groups, these findings are in agreement with 
Sakazaki, Gomes and Sebald (1967) and Sakazaki et al (1970). 
Therefore the carbohydrate arabinose used by Heiberg (1935) Is of no 
value in subdividing within the species V cholerae^ as no cultures 
of V cholerae which ferment this carbohydrate were found. Some 
strains of V harveyi, V parahaemolyticus and V anguillarum^ 
also most strains of V natriegens and V fluvialis ferment arabinose.
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Therefore Heiberg’s (1935) original collection of strains used may 
have contained these species and Aeromonas species, which also may 
ferment arabinose, in his Group III and IV collection. However, 
only 20 strains of ’vibrios’ tested by Heiberg (1935) were allocated 
to groups III, IV and VI and 364 were allocated to Groups III, IV 
and V therefore it is reasonable to assume that the majority of 
Heiberg’s strains were V cholerae.
The differentiation of 25 cultures of non-01 V cholerae 
into Heiberg Group V (sucrose-negative) was based on several 
characters and will be discussed later. Tbe differentiation of 
cultures into Heibe-rg Group I and II was based on only one character, 
mannose fermentation. It is difficult to obtain reproducible 
results with tests for the production of acid from mannose due to the 
weak acid production from this carbohydrate by some strains of 
V cholerae (Maidstone Public Health Laboratory, unpublished finding). 
Therefore it would seem wise to abandon the division of V cholerae 
into Heiberg group I and II because this division is only based on 
mannose fermentation and this is an unreliable test character.
It is therefore recommended that all strains of V cholerae 
that produce acid^from sucrose, produce amylase, give a positive 
Voges-Proskauer reaction, agglutinate chick-red-blood-celIs, are 
resistant to a 50 unit disc of polymyxin B and grow at 45°C should be
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designated ettor biotypes regardless of their 0 antigen. The 
retention of the classical biotype of V cholerae would seem valid as 
most of the isolates of V cholerae 01 prior to the seventh pandemic 
of cholera deposited in culture collections are clearly distinguishable 
from recent isolates of V  cholerae using the characterizing tests in 
table 49. The el tor biotype of V cholerae 01 has rapidly replaced 
the classical biotype with the virtual disappearance of the classical 
biotype during the 1970s, Isolated cases of cholera from which the 
classical biotype of V cholerae 01 have been isolated have been reported 
from India and Bangladesh, in 1978-1979 (WHO Scientific Working Group 
1980).
1.2.3 V mimicus
Strains of v cholerae which do not ferment sucrose 
have recently been separated from sucrose-fermenting strains on the 
basis of their low DNA-relatedness to sucrose-positive strains and 
the name V mimicus proposed (Davis et al 1981). 25 cultures of
V cholerae in the initial study and a further 106 strains which were ■ 
received for serotyping were recognised as Heiberg Group V and would 
be classified as V mimicus using the criteria of Davis et al (1981).
In addition to the phenotypic characters used by Davis et al (1981) 
for distinguishing V mimicus from V cholerae^ it was found that
V mimicus strains did not hydrolyse starch by amylase activity, 
did not grow at 45°C, grew on gTucuronate as a sole carbon source, 
did not agglutinate chick red blood cells and were sensitive to a
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50 unît dise of Polymyxin B, In contrast to the majority of 
V cholerae cultures used in the study, which hydrolysed starch, 
grew at 45°C, did not grow on glucuronate, were resistant to 
Polymyxin and agglutinated chick red blood cells.
Therefore the tests used in the initial study support 
the separation of sucrose-negative strains from sucrose-positive 
strains by the characteristics shown in Table 49, However, if the 
antigenic overlap and the similarities of their toxin production 
and/or biological activity (Sakazaki and Donovan 1982) are considered 
the validity of the creation of a separate species v mimicus is 
premature. I suggest the separation of the species v cholerae into 
three biotypes, classical, eltor and mimicus on phenotypic 
characterising tests without regard to DNA relatedness or antigenic 
structure. The ultimate taxonomic status of V cholerae biotype 
mimicus (V mimicus) should await further investigations using a 
variety of methods to determine this.
1.3 Phaoe-Tvpinq of V cholerae
The original phage typing schemes for V cholerae
01 strains of the classical biotypes Mukerjee, Guha and Roy (1957)
and eltor biotypes Basu and Mukerjee (1968) were found unsatisfactory 
by Lee and Furniss (1981, 1976) for recent isolates of V cholerae 
01 of the eltor biotype, as only four types were detected and the 
majority of strains fell into two types. ^
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Table 49 Tests for distinguishing V cholerae Biotypes
Test
Acid from Sucrose 
Amylase Production 
Voges Proskauer 
Chick cell agglutination 
Polymyxin B (50 units) 
Growth at 50°C
classical
Biotypes
eltor
+/- 
-/+
mimicus
Key: + = pos itive or sens itive
- = negat i ve or resistant
+/“ = majority of strains positive or sens itive
minority of strains negative or resistant
«y + = majority of strains negative or resistant
minority of strains positive or sens itive
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Lee and Furniss (1981, 1976) Improved the phage typing of V cholerae 
01 of the eltor biotype and were able to divide strains into 20 
types, with only 1% of strains not typable with their set of 
phages.
The application of Lee and Furniss's set of V cholerae 
phages (1981, 1976) to the test strains of V cholerae 02-40 was 
not successful as 28 strains were not typable and little distinction 
was obtained with the other 11 strains. These findings are similar 
to the results obtained with 433 strains of non-01 V cholerae 
by J V Lee (personal communication).
With the scheme developed in Calcutta for non-01 
V cholerae (Si I et al 1974) now fallen into disuse (WHO Scientific 
Working Group 1980) there appears to be no phage typing scheme which is 
of value for distinguishing non-01 V cholerae strains. The scheme 
of Lee and Furniss (1981, 1976) was developed for V cholerae 01 
strains and the majority are propagated from an 01 host strain 
and therefore unlikely to lyse non-01 strains. However, the Lee 
and Furniss scheme (1981, 1976) would appear to be very successful 
in distinguishing within epidemic strains of v cholerae 01 and of 
value in distinguishing between non-epidemic, non-toxigenic 
environmental strains of V cholerae 01 which ace not lysed by phages 
13, 14, 16 and 24 and epidemic, toxigenic strains of V cholerae 01 
which are lysed by these phages.
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2 V cholerae 0 (LPS) Antigens and Production of Anti sera
2.1 V cholerae Qj and Inaba/Qgawa/Hikojima subtypes
The production of high titre specific agglutinating 
anti serum for v cholerae 0 serotype 1 was easily obtained by mixing 
anti serum prepared against 01 subtypes Inaba and Ogawa. The use 
of both classical and eltor biotypes as well as environmental and 
non-toxigenic strains of V cholerae 01 produced no signtfleant 
differences in the agglutinating titres or specificity of the 
antisera. These findings suggest that the 01 antigens of V cholerae 
are not essential for the production of cholera toxin or survival 
of strains In the environment (Daniel 1981).
Antisera specific for the 01 subtypes Ogawa and Inaba 
were prepared. The production of specific Ogawa anti sera was 
easily achieved, however the production of specific Inaba was 
difficult. Care was needed to balance the absorption using Ogawa 
cells, as under-absorption yielded antiserum that agglutinated both 
Inaba and Ogawa subtypes and over-absorption removed agglutinins for 
both subtypes. The Inaba specific anti serum prepared at Maidstone 
was relatively low in specific agglutinating titre but compared very 
favourably with V cholerae Inaba anti sera received from other sources, 
The difficulties encountered with the production of V cholerae 
Inaba antiserum were also found by Sakazaki and Tamura (1971) and
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supports their hypothetical antigenic formula of v cholerae 01 
where the Inaba antigenic factor is labelled C and the difference 
between V cholerae 01 subtypes with regard to this factor is 
quantitative rather than qualitative (see pages 71 and 72).
Use was made of absorbed V cholerae 01 anti serum of both 
inaba and Ogawa types for the detection of the intermediate subtype 
Hikojima which should be agglutinated by both absorbed antisera.
Only three strains out of a collection of over 3,000 cultures of 
V cholerae 01 were found that fulfilled the criteria of Sakazaki and 
Tamura (1971) for Hikojima subtypes. This criterion was that the 
cultures were agglutinated to titres identical or close to that found 
with homologous inaba and Ogawa antigens, when absorbed Inaba and Ogawa 
were used. Several cultures were claimed by referring authorities to 
be V cholerae 01 subtype Hikojima but could not be confirmed by the 
use of quantitative agglutination studies using control antigens with 
both sera produced at Maidstone or from other sources. The main 
discrepancies appeared to be the use of under-absorbed non-specific 
Inaba antisera, the presence of non-specific R agglutinins in the 
antisera used, the use of only qualitative slide agglutination tests 
and the absence of control cultures. This suggests that claims 
of the identification of V cholerae 01 Hikojima subtypes should be 
verified by a competent reference laboratory.
2.2 y cholerae Q serotypes 2 - 8 3
The attempts to produce high titre specific 0 agglutinating 
anti sera for these types were successful with most 0 types. The use
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of a modified immunizing schedule showed an improvement in the anti sera 
produced. A few antisera had Low agglutinating titres and require 
further investigations to attempt to achieve high titre specific 
anti sera. A number of cross-reactions were observed and investigated, 
reciprocal reactions were found in most cases and type specific antisera 
were prepared by absorption. The cross-reactions found during this 
study are in the main in agreement with Shimada and Sakazaki (1977) 
Sakazaki and Donovan (1982). The relationship of the Smith (1979) 
and Siebeling et ai (1982) systems of 0 typing ^ cholerae to the 
Sakazaki et ai (1970) system has not been completely investigated.
In the Smith (1979) system several cross-reactions were reported and 
would have to be considered when comparisons are made of the two 
systems. Siebeling et ai (1982) used LPS extract as immunizing agents 
and claimed to have produced a significant reduction in the number of 
cross-reactions obtained.
The use of specific LPS extracts as immunizing agents and 
the isolation of type-specific determinants eg Inaba, could lead to 
the production of high titre specific antisera for V cholerae.
2.3 Heat Stability of 0 antigens
2.3.1 Thermostable agglutination (TS)
The majority of v cholerae 0 antigen type cultures were
found to have a heat stable 0 antigen as reported by Gardner and 
Venkatraman (1935). They found some loss in 0 agglutination when
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suspensions were heated and therefore used the term 'Specific 0 
antigens’ in contrast to 'Heat Labile (H) antigen' as they found H 
antigens were completely inactivated by heat. Suspensions of 
V cholerae when heated at 100°C were agglutinated at low titres by 
0 heterologous antisera, this appears to be due to the development 
of a reactive non-specific common R (rough) LPS core antigen 
(Shimada and Sakazaki 1973), The use of formalin in PBS retarded 
the development of the R antigen during heating at 100°C and was used 
to treat suspensions used in the 0 typing studies.
Although the majority of V cholerae cultures gave 
similar agglutinating titres with their homologous 0 antisera with 
both unheated suspensions and suspensions heated at 100°C for 5 minutes 
and 2 hours, there was a dramatic reduction in 0 agglutinating titre 
with suspensions after heating for 30 - 60 minutes at 100°C. This 
dramatic reduction with a subsequent restoration of 0 agglutinability 
was investigated in detail.
The reduction did not appear to be associated with a loss 
of antigen-antibody binding because heated suspensions were still able 
to absorb the agglutinins completely from antisera but still showed 
a significant reduction in agglutinability. This did not appear 
to be a masking substance which was soluble in saline because it could 
not be removed by washing. This phenomenon appears to be similar to 
the thermovariable inhibition of agglutination (TIA) described in 
Pseudomonas aeruginosa by Muller Kleinmailer and Pech (1973A, 1973B 
19730, Muller et ai (1976A), Kei I Ich et ai ;( 1976), Muller et ai ( 1976B).
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These authors thought that TIA was caused by a glyco-proteinaceous 
complex formed during the heating of suspensions and that this 
saline insoluble complex was inhibiting to 0 agglutination by 
obscuring LPS sites on the outer cell membrane. The TIA complex 
was removed by further heating and shaking but not by simple washing 
of suspensions.
The immunochemical basis of this phenomenon with 
suspensions of V cholerae was not investigated but it was thought 
that the basis of this is similar to the findings with 
Ps aeruginosa,
2.3.2 Thermolabile agglutination (TL)
Some of the 0 type cultures of V cholerae were found to 
show a very rapid reduction in 0 agglutinability after heating for 
very short periods at 100°C, This pattern of loss of agglutinability 
was distinguishable from the thermostable (TS) pattern.
2.3.3 Thermoenhanced agglutination (TE)
During the investigation of an apparently low-titre 0 
agglutinating antiserum it was found that the 0 antigen type culture 
(VL3396) V cholerae 045 showed increased 0 agglutinability when 
heated at 100°C for 5 minutes compared with unheated suspensions.
This culture produces slightly mucoid colonies compared with most 
other V cholerae cultures. No capsule or envelope could be 
demonstrated by capsule staining or Indian, ink preparations, however
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an envelope-like structure was clearly demonstrated by Electron 
Microscopy. This structure was not seen in EM preparations of 
other strains of V cholerae,
This would appear to be similar to the masking of 0 
antigens with strains of Escherichia coli possessing a K antigen 
(Deb and Harry 1977).
Sakazbki et ai (1970) described an M (mucoid) antigen 
which they thought reduced the agglutinability of living cultures. 
They found that heating suspensions for 2 hours at 100°C removed 
the 0 inagglutinability of suspensions. They found the M antigen 
to be a poor immunogen and similar for all strains tested.
2.3.4 Thermostability of 0 suspensions
The three patterns of 0 agglutinability were found to be 
reproducible for given cultures of V cholerae. They were not 
related to serotype but were strain related. This contrasts with 
the findings of Kauffman (1966) who found that the Salmonella 0 
antigen 5 was thermolabile and this ts only found within strains 
possessing the 0 antigen 5.
The lack of complete thermostability of suspensions of 
V cholerae when tested by 0 agglutinating ant I sera has been found 
by other workers. Gardner and Venkatraman (1935) suggested that 
unheated suspensions should be used for 0 agglutination tests with 
anti sera prepared from suspensions heated at 100°C for 2 hours.
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VeLLa and Fielding (1963), Feeley and DeWi+t (1976) recommend live 
antigens for 0 agglutination determinations in preference to 'boiled* 
suspensions. This last recommendation should be reserved for use:in 
vibriocidal antibody assays and not used in 0 agglutination 
determination as formalin-killed unheated suspensions have been 
found satisfactory in both this study and by Gardner and Venkatraman 
(1935) and are much safer.
The best method at present would be to use formalin killed 
unheated suspensions of v cholerae for 0 agglutination tests, while 
retaining the 2 hour heating method for testing non-agglutinating 
cultures.
2.4 R (Rough) Antigen
The beating experiments conducted with regard to 0 
agglutinability of suspensions showed that most cultures of 
V cholerae showed non-specific agglutination after heating at 100°C. 
This could be retarded by using formalin-treated suspensions, which 
are thought to fix the outer cell wall membrane and reduced the 
destruction of outer layers which are thought to be needed to reveal 
R antigenic determinants embedded in the membrane matrix in smooth 
cultures.
V cholerae R ant I sera were prepared from the only two R 
antigen type cultures available. The antisera were relatively low
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în titre with the homologous R strains, which is in accord with Shimada 
and Sakazaki (1973) who found R antigens poor immunogens.
Nevertheless the anti sera enabled the non-specific reactions which 
occurred with heated suspensions to be identified as due to the 
presence of an R (rough) antigen.
2.5 y cholerae Q  antigens In extracts
V cholerae 0 antigens were detected In most extracts 
and would appear to be easily solubilized along with a number of 
heat-labile non-specific antigens. LPS extracts contained specific 
0 antigens which did not cross-react with heterologous 0 antisera.
The presence of 0 antigens in extracts was detected by all three 
immunodiffusion methods used. However, only the LPS extracts appeared 
to be free of other heat-labile non-specific soluble antigens, 
therefore these methods are unlikely to be recommended tor 0 antigen 
determination unless specific LPS extracts are used.
V cholerae Q Serotyping
3.1.1 Human isolates
A wide range of V cholerae 0 serotypes was found in the
collection of human Isolates examined. This is similar to the findings
of Sakazaki and Shimada (1977) and Smith (1979) who found
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a wide range of 0 serotypes among their collections of human 
isolates. This has led some workers (Daniel 1981) to suggest 
that 0 serotyping at present Is incapable of achieving the purpose 
it was established for. This suggestion is based on the assumption 
that 0 serotyping should achieve a neat division of serotypes 
associated with human disease or particular environmental samples.
With the large number of 0 antigen types found within the species 
y  cholerae and the growing awareness of the presence of these organisms 
in the world-wide aquatic environment (WHO Scientific Working Group 
1980) and in general the lack of wide-spread epidemic disease with 
serotypes other than V cholerae 01, 0 serotyping may be too 
discriminating for conventional epidemiology.
Epidemiologists usually require a highly-discriminating 
typing method and many typing methods including V cholerae 01 phage 
typing (Lee and Furniss 1981, 1976) have been further developed to 
sub-divide common types; therefore the value of V cholerae 0 
serotyping may more clearly emerge with a wider application and further 
development of its use.
The predominating V cholerae Q types among human isolates in 
the collection examined were 37, 5, 7, 41, 2, 40 and 24. These are 
similar to the only two other surveys with mainly human isolates 
included which have been published. Sakazaki and Shimada (1977) 
found types 5, 3, 2, 6, 37 and 40 predominated and Smith (1979) used 
his own system but by applying the tables in the appendix to convert
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these to the Sakazaki (1970) equivalent types, his predominating 
types were 5, 7, 37, 6, 18 and 40.
in this work there was a strong association between
V cholerae 0 types 5 and 37 and human disease and these types were 
uncommon in the environmental collection examined.
3.1.2 Epidemiology and Epidemics
V cholerae 0 serotype 1 strains have been responsible
for the cholera pandemics of this century. There Is no evidence at 
present that non-01 V cholerae strains are capable of pandemic spread 
of cholera or cholera-like disease.
There is evidence to support the association of non-01
V cholerae strains with outbreaks of gastro-enteritis and cholera-like 
disease. In retrospect V cholerae 0 type 5 was responsible for an
outbreak of diarrhoeal disease in Czechoslovakia in 1965 (ALdova et al 
1968) and V cholerae 0 type 37 for a very Large outbreak of cholera-like 
disease in the Sudan in 1968 (Kamal and Zinnaka 1971). Strains from 
these outbreaks produced a cholera-like toxin (Daniel 1981),
Dak in et al (1974) reported an outbreak of food poisoning 
on an airplane going to Australia which appeared to be due to
V cholerae 0 serotypes 7 and 39. Blake (1981) reported a common- 
source outbreak of over 100 cases of gastro-enterit is caused by
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Shiith 0 type 113 (Sakazaki equivalent 0 20). Strains 
from these two outbreaks were not studied at Maidstone.
Within the Maidstone collection of strains of 
there was some epidemiological evidence linking seven isolates of 
0 type 64 from Algeria and five isolates of 041. from cases of 
diarrhoeal disease in Louisiana USA.
A wide range of v cholerae serotypes were found in 
sporadic cases of gastro-enterit is in travellers returning to the 
UK with little or no evidence of common sources of their infections.
3.2 Environmental Isolates
Conclusions regarding the occurrence of V cholerae 0 
serotypes among the environmental collection at Maidstone are subject 
to sampling bias as large numbers of isolates were received from four 
sources: Hull PHL, Maidstone PHL, Louisiana USA and Chesapeake Bay
V cholerae 04 was a common isolate from the River Humber near Hull 
but was uncommon from other sites; y cholerae 06 was found to be a 
common isolate from both aquatic and bird samples at both Hull and 
Maidstone PHL,
Only a few V cholerae 0 serotypes were found exclusively 
in the environmental collection and only V cholerae 049 with 21 
strains included was a common type over-all.
There is a need to examine a larger collection of strains 
on a wider geographical basis before conclusions can be drawn on-the 
possible relationship of strains found in the environment to human
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disease. This should be balanced with the effort required to 
achieve this using the present techniques and possibly restricted 
to situations where there is some evidence of human infection related 
to the local environment.
3.3 Relationship of 0 types and Biological Activity
This study was unfortunately restricted to 75 strains of 
non-01 y cholerae, A difference in the biological activity of human 
and environmental isolates was found. The relationship between 0 
serotype and biological activity showed no clear-cut correlation.
Within 0 serotypes in which cholera-like toxin producing strains were 
found, all with the exception of 075 had non-toxin producing strains also 
represented. Strains of Serotypes 5 and 37 did show a clear correlation 
with biotype, biological activity and source. In particular amongst 
the 0 type 37 strains producing cholera-like toxin two groups were 
established, one of five strains all isolated in Bangladesh during 
1976-78 which were biochemically Heiberg group V (1935) or V mimicus 
(Davis et al 1981) and another of five strains all isolated from the 
Sudanese outbreak (Kamal and Zinnaka 1971) which were biochemically 
Heiberg group I (1935) or eltor biotypes of y cholerae 037 (see pages 
293-294).
Strains producing the Enteritis pattern of biological 
activity were found in 20 different 0 types. As there is some 
evidence to suggest that the majority of non-01 ^ cholerae human
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infections are caused by strains producing an enteritis pattern 
of biological activity (Daniel 1981) and not cholera-like toxin 
(Blake 1981) it seems highly likely that most 0 serotypes of 
human origin can produce an enteritis pattern of biological 
activity.
Further work Is needed to see if cholera-like toxin 
Is produced by a wide range of 0 serotypes. The application of 
the technique of using genetic probes for the genes coding for 
cholera toxin subunits A and B.by Kaper, Mosely and Falkow 
(1980) may help if this is applied to non-01 V cholerae.
Daniel (1981) who demonstrated a wide range of biological activity 
among strains of non-01 V cholerae^ thought that at present Enterotoxin 
production has to be tested directly as it showed no clear 
correlation with other laboratory findings.
3.4 Non-typable strains
The number of non-typable cultures of V cholerae^
22% in this study, detract from its value. During the course of 
this study additional antisera for 0 types 76-83 were introduced without 
significantly improving the typability. There is a significantly 
higher typing rate among human isolates with only 17.5# not typable 
compared with 21# with UK environmental isolates and 30# with 
environmental isolates from other countries. Our results at Maidstone
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Table 50 The number of cultures of V cholerae that were
not serotypable found in different surveys
Worker(s) 
Sakazaki and
Total Strains 
examined
Numbers
non-typable
Typing Scheme Used
Shimada (1977) 1073 65 (6#) Sakazaki et al (1970)
Szita et al (1979) 182 53 (29#) Sakazaki et al (1970)
Kaper et al (1979) 55 27 (42#) Smith (1979)
Smith (1979) 2624 521 (20#) Smith (1979)
Donovan (1982) 1195 261 (22#) Sakazaki et al (1970)
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are compared with other workers’ results in Table 50, The highest 
non-typable rate (Kaper et al (1979) was found with mainly 
environmental isolates from the USA and the lowest rate (Sakazaki 
and Shimada (1977) was found with a collection of strains of mainly 
human origin. As the antigen type cultures used In the Sakazaki 
et al (1970) system are thought to be derived from human isolates 
the application of this system to collections of strains isolated 
from human cases of gastro-enterit is should yield high typing rates. 
The Smith (1979) system used a significant number of environmental 
isolates as antigen type cultures and therefore if these are verified 
as V cholerae 0 antigen types not present in the Sakazaki et al
(1970) system their incorporation into a combined system may be of
value in 0 typing environmental isolates.
Despite the high non-typable rate t would recommend that 
priority should be given to attempts to combine the present 0 
typing schemes of Sakazaki et al (1970), Smith (1979) and Siebeling 
et al (1982) before further attempts are made to improve the 
typability of the system used in this study by adding additional 0
types. This is to avoid further confusion with the possible
additional duplication of types between the present schemes.
3.5 R (Rough) strains
Only a few strains of V cholerae were found in the 
collection used in this study which were agglutinated by R
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antiserum and not by 0 specific antisera. In addition some 
strains of V cholerae were found that were agglutinated with both 
R anti serum and 0 specific type anti sera. Strains of V cholerae 
agglutinated by R antiserum showed typical motility and EM 
preparations showed no specific cell wall changes. The use of 
Acriflavine solutions as an indicator of the stability of 
suspensions of V cholerae demonstrated that V cholerae R  strains 
were less stable than other strains of V cholerae. This 
correlates with a conventional view of roughness in other genera.
However, the distinction between suspensions of V cholerae R  strains 
and suspensions of V cholerae not agglutinated by R anti sera was 
not always clear-cut. A number of suspensions showed reduced 
stability in acriflavine but were not agglutinated by R anti serum, 
but were agglutinated by their 0 specific antisera.
There appears to be a wide spectrum of reaction patterns 
with cultures of V cholerae. At one end of the spectrum are 
cultures of v cholerae which produce stable suspensions in saline 
and acriflavine solutions and are agglutinated by their 0 specific 
antisera and not agglutinated by R antiserum and could be 
designated S (Smooth). An intermediate position is occupied by 
strains that produce unstable suspensions in acriflavine but are 
stable in saline, are not agglutinated by R antisera and are agglutinated 
by 0 specific antisera. These could be designated 'Imperfect Smooth' 
cultures. The R (Rough) designated could be used for cultures
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producing suspensions agglutinated by R antiserum and acriflavine 
but not by specific 0 anti sera.
The relationship of cultures producing rugose colonies 
to the R (rough) antigen type is not clear. Cultures producing 
rugose or adherent colonies cannot be easily emulsified for 
agglutination reactions but in my experience if partially stable 
suspensions are prepared the cultures are agglutinated by speciifc 
0 antisera. Therefore colonial roughness or rugose colonies are 
not associated with loss of specific 0 antigens and the emergence 
of non-specific R antigens. The term R (rough) antigen can be 
postulated as a loss of the type specific components of LPS in the 
cell wall membrane,associated with the remaining components being 
the antigenic determinants of the non-specific R antigen (Hlsatsune 
et al 1980). The term R (rough) antigen would then be used not 
with regard to colonial appearance but as a convenient term to 
contrast with S (smooth or specific) LPS or 0 antigens,
3.6 The Relationship of the Sakazaki Scheme with other 0
typing schemes
The relationship of the scheme of Sakazaki et ai(i970) 
to the limited scheme of Gardner and Venkatraman (1935) is clear 
with all of Gardner and Venkatraman (1935) 0 group antigen 
except 0 group IV having an equivalent 0 type in the Sakazaki scheme 
(Furniss, Lee and Donovan 1978), no representative culture of 0
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Group IV Is now available in the NCTC.
The relationship between the Sakazaki et ai(197 ) 
and the Smith (1979) systems is less clear. Smith used type 
cultures that may not be valid members of the species V cholerae.
He used a very narrow range of biochemical tests for identifying 
V cholerae and included strains that produced acid from arabinose.
No arabinose fermenters were found within the strains of V cholerae 
studied at Maidstone, Smith (1979) used suspensions of live 
vibrios as immunizing agents using a single subcutaneous injection 
into rabbits for the production of anti sera. He made no concession 
to the nature of antigen detected in his system and previously 
claimed that his 'cholera' and 'non-cholera' vibrios did not share 
a common H antigen (Smith 1974). This Lack of regard to defining 
the cultures and antigens used in the Smith system is in sharp 
contrast to the use of specifically heated suspensions of cultures 
verified as V cholerae by Sakazaki et al (1970).
Despite the difference in approach, there are a significant 
number of type cultures of both that have an equivalent in the other 
system. The conclusions of a comparison conducted in Tokyo between 
the two systems are given in the appendix (Sakazaki and Donovan 1982), 
This comparison does enable an equivalent 0 type to be designated 
for most of the common 0 types when comparing different workers' 
f indIngs.
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The relationship of the Slebeling et al (1982) scheme 
to either the Sakazaki or Smith scheme Is difficult as they used 
LPS extracts for producing agglutinating antisera. The scheme 
has not been used by any other workers yet and uses local 
isolates of V cholerae as their vaccine strains and designates 
them by letters A - Z, AA - ZZ. The vaccine strains have been 
typed by the Smith and Sakazaki systems in other laboratories 
but this was not part of an agreed comparison and appeared to make 
use of 'third party' antisera to attempt to correlate the systems. 
It was hoped to make a comparison between the Siebeling et al 
(1982) vaccine strains and the Sakazaki 0 typing scheme at 
Maidstone but the vaccine strains have not yet been received at 
the time of writing from Dr R J Siebeling.
The scheme of Siebeling et al (1982) may be of value in 
the future development of an integrated V cholerae o  typing 
scheme because of its use of LPS specific antigens as vaccines 
for the production of highly specific antisera. These anti-LPS 
sera would probably be free of any non-specific antibodies and 
would be preferable to antisera raised against heated whole 
cell preparations.
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4 V cholerae H (Flagellar) Antigens
4.1 The Production of H (Flagellar) Antisera
High titre H agglutinating antisera were successfully 
produced using several V cholerae cultures, formalin and 
thiomersalate-kilied cells also flagellar suspensions were used 
as immunizing agents. The H anti sera also contained homologous 
0 agglutinins in significantly lower titres than the H 
agglutinins. The highest H titre was obtained with an antiserum 
which was raised by using a flagellar suspension prepared from 
V cholerae 02 (VL1029). This strain of V cholerae is highly 
motile, suspensions are highly H reactive, and the electron 
microscopic examination of the flagellar suspension showed only 
naked flagella fragments with no sheathed flagella. This may 
indicate that the flagellum core contains H antigenic determinants 
which stimulate high titre H or flagellum core agglutinins and that 
suspensions containing both sheathed and naked flagella filaments 
are less efficient immunogens. Larson et al (1982) produced both 
core and sheath specific antisera, they found that the flagellar 
sheath protein was antigenically distinct from the core protein. 
However, they found that both antisera agglutinated 197 out of 200 
cultures of non-01 V cholerae. Three cultures which were not
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agglutinated by sheath antisera were found by electron 
microscopy to have only naked flagella.
The production of high titre H agglutinating antisera 
was in direct contrast to the failure of Smith (1974) to 
demonstrate H agglutinins after using Living and killed cells, 
flagella and flagellins of V cholerae as immunizing agents.
Smith, however, used inappropriate techniques for demonstrating H 
agglutinins in his antisera. By contrast Gardner and Venkatraman 
(1935), Sakazaki et al (1970), Bhattacharyya (1971, 1975, 1977) 
Bhattacharyya and Mukerjee (1974) were all able to demonstrate H 
(Flagellar) agglutinins in the antisera they produced using 
suspensions of V cholerae as immunizing agents.
4.2 Test Conditions for demonstrating H antigens
Efforts were concentrated on developing satisfactory 
techniques to demonstrate H (Flagellar) antigen - antibody reactions 
using both slide and tube agglutination techniques. A preliminary 
attempt to use a simple flagellin extraction method based on that 
used by Shinoda et al (1976) with immunodiffusion methods was 
unsuccessful. Other attempts to demonstrate H antigens in the 
other extraction methods used in this study were unsuccessful.
Pitt (1981) found flagellar suspensions and flagellins of 
Pseudomonas aeruginosa were poor îmmunodiffusÎng agents in the 
techniques he used and therefore this approach was not Investigated 
with y cholerae.
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Slide agglutination reactions using a modification of 
the phenol slide test of Si I and Bhattacharyya (1979) Pastoris 
et al (1980) were successful. Care was needed to use cultures 
that had a high level of motile cells. Cultures of v cholerae 
02 (VL1029) were always strongly agglutinated even without phenol, 
This was thought to be due to the availability of core antigenic 
determinants, as electron microscopy of this culture showed the 
presence of cells with naked flagella, therefore removal of the 
flagellum sheath was not needed. in contrast cultures of
V cholerae 08 (VL1035) did not show agglutination without phenol 
treatment and electron microscopy showed cells with sheathed 
flagella.
The parameters governing optimum H agglutination of
V cholerae suspensions using the tube method were clearly 
established as follows:-
a) Cultures of enhanced motility used.
b) Suspensions prepared from a culture grown at 30°C
for 18-24 hours on nutrient agar
c) Suspension treated with formalin (FPBS)
d) Suspensions of high cell density used
e) Volumes of 0.3-0.5 cm^ of antigen and antisera used 
in tubes 3" x U",
f) Anti sera with 0 agglutinin absorbed or used diluted 
beyond 0 titre used.
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g) Incubation temperature for agglutination test 50°C.
h) Incubation period at least 18 hours.
These conditions are more demanding to meet than 
the conditions needed to demonstrate H agglutination with
peritrichate flagellated bacteria such as Salmonella species.
This is probably one of the reasons why other workers, Smith 
(1974) and Ahuja and Singh (1939) did not confirm Gardner and 
Venkatraman (1935) findings. The test conditions found optimum 
for H agglutination are similar to those described by Bhattacharyya 
(1977).
Studies on the temperature of dénaturation of 
V cholerae H agglutination with suspensions not treated with 
formalin were in agreement with Bhattacharyya (1977). H 
agglutination was dispersed by heating at 65°C and did not 
reform when reincubated at 50°C in contrast to 0 agglutination 
which reformed. This criterion could be used to distinguish between 
0 and H agglutination but was not used further in the study as 
other methods were found to make this distinction. These were 
use of direct heat treatment on suspension prior to agglutination, 
use of known control antigens and antisera.
4.3 Results with V cholerae cultures of different 0 types
All motile strains of V cholerae of different 0 types 
were agglutinated by V cholerae H antisera. On the basis of
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cross-absorption studies there was no evidence of H agglutinins 
specific for individual 0 types as suggested by Burrows 
(i946). Some strains were agglutinated to higher titres by 
various H antisera. The differences in results with the range 
of antisera and antigens were quantitative and were probably due to 
variability in the sensitivity of different antigen preparations 
used and errors inherent in the 'double-dilution' method used for 
antisera. Some homologous titres were not the highest and in general 
all titres to a particular antigen were uniformly high or low.
The evidence in this study supports the concept 
of common flagella (heat-labile) antigenic déterminantes) for all 
strains of v cholerae that are independent of their 0 antigens.
From the work of Larson et al (1982), Hranitzky et ai (1980) and 
Yang Schrank and Freeman (1977) it would appear that there are 
separate protein antigens for the core and sheath components of the 
polar flagellum of V cholerae and these antigens are common to all 
strains of V cholerae possessing a sheathed polar flagellum.
Therefore despite the probable existence of at least two antigenically 
different flagellar components the concept of common flagellar 
antigens of V cholerae (Gardner and Venkatraman 1935; Sakazaki et ai 
1970; Bhattacharyya and Mukerjee 1974) remains tenable.
4.4 Immobilization
Immobilization of motile cultures by specific H antisera 
has been reported with Salmonella species (Edwards and Ewing 1972) 
and with Pseudomonas aeruginosa (Pitt 1980, 1981).
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Pitt (1981) used specific immobilization of Ps 
aeruginosa cultures as a means of Identifying the anti-flagellar 
activity of H antisera and found their immobilization and 
agglutinating titres similar.
No immobilization of V cholerae cultures with H antisera 
was found using two different techniques. The lack of immobilization 
of V cholerae by H antisera may be due to the complexity of flagellum 
compared with the naked flagella of salmonellae and Pseudomonas 
aeruginosa. The cultures of V cholerae used in these experiments were 
probably producing motile cells In the exponential stage of growth 
with completely intact sheathed flagella. The H antisera used 
probably contained mainly antibodies to the antigenic determinants 
of the naked or flagella core and therefore would not be able 
to form a lattice of immobilized cells.
Larson et al (1982) found that V cholerae flagellum sheath 
was not required for motility and had some function other than 
motility. They also isolated three strains of V cholerae Lacking a 
sheath on their polar flagella. These cultures could be used with 
specific flagellum core antisera in tests for immobilization to test 
the hypothesis that the flagellum sheath prevents immobilization by 
core anti sera by covering core antigenic sites.
Suspensions of v cholerae are agglutinated by H anti sera 
which probably contain anticore agglutinins which have access to 
antigenic sites on the flagellum core, as the flagellum sheath is
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removed, damaged or retracted by the H test conditions employed.
The combination of formalin treatment and prolonged incubation 
at a high temperature are thought to achieve this. Follett and 
Gordon (1962) found that the sheath was easily removed by various 
treatments whilst the core was relatively resistant.
The immobilization found with y cholerae anti-0 sera 
occurred at serum dilutions identical to their 0 agglutinating 
titre. Bhattacharyya (1975) found that cultures of V cholerae 
were not immobilized by H antisera but were immobilized by 0 anti sera 
and suggested that 0 antigens had a functional role in vibrio 
motility. Hranitzky et al (1980) using ferrât in labelling 
techniques was not able to demonstrate LPS (0) antigens on the 
sheathed flagellum of V cholerae, |f would appear that the 
flagellum sheath is not a simple extension of the outer membrane 
of the cell wall and does not contain 0 antigenic determinants, 
therefore the ’Immobilization' by 0 antisera is thought to be due 
to the complete agglutination of cells with 0 agglutinins binding 
with specific 0 determinants on the outer membrane of the cell wall 
and not by immobilization of flagella.
0rokov and 0rskov (1978) suggested that immobilization 
may be used to distinguish between H and flmbrial antibodies in 
enterobacteria. However It would seem unwise to use immobilization 
as a means of distinguishing between 0 and H antibodies in 
V cholerae anti sera.
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4,5 y cholerae H antlsera reactions wifh other Vibrio species
V cholerae H agglutinating anti sera was found to 
agglutinate motile strains of V mimicus^ V metschnikovii, V fluvialis 
and V anguillarum. Bhattacharyya (1975) found V cholerae H 
anti sera agglutinated some strains of V metschnikovii and
V anguillarum. Both in this study and Bhattacharyya (1975) no 
agglutination was found with y cholerae H antisera with
V parahaemolyticus, Plesiomonas shigelloid.es, Aeromonas hydrophila 
and Escherichia coli. Therefore the interspecies H cross-reactions 
were limited to related members of the genus vibrio.
it was possible to prepare V cholerae H antisera 
almost completely species-specific by absorption with a suspension 
of V fluvialis. The absorbed antiserum still agglutinated 
suspensions of V cholerae at high titres eg 1 in 5,000 but the degree 
of agglutination was less complete and easier to disperse than the 
agglutination obtained by unabsorbed antisera at given dilutions.
A reduction after absorption of the range of agglutinins with the 
removal of minor V fluvialis, V anguillarum and V metschnikovii 
agglutinins in the anti serum would give a reduction in the number 
of combining sites available for specific linkage with the absorbed 
anti serum. This would lead to a reduction in the size of the 
clumps of agglutinated cells and an increase in their role of dispersion.
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5 H (Flagellar) Antigens of Other Vibrio Species
5.1 V fluvialis
V fluvialis was described by Lee et al (1981) who 
found both Lateral short wave form and single sheathed long­
wave polar flagella. H antiserum prepared using a suspension 
of V fluvialis biovar I agglutinated to high titre the four 
strains of V fluvialis tested. These included both biovars I 
and I I of Lee et al (1981). The V fluvialis H anti serum also 
agglutinated suspensions of V cholerae, V anguillarum and
V metschnikovii at lower titres than V fluvialis, Double 
absorption and dilution of the anti serum was needed to render
V fluvialis H antisera species-specific. No absolute evidence 
was available to determine whether the agglutinins were directed 
against the Lateral or polar flagella or both. It is assumed 
that a major portion must have been directed against polar 
flagella antigens as strains of V cholerae, V metschnikovii and
V anguillarum have only polar long wave flagella and were 
agglutinated by V fluvialis H antiserum.
5.2 V metschnikovii
High titre v metschnikovii H anti serum was produced that 
cross-reacted at lower titres with V cholerae, V anguillarum and
V fluvialis. The ant I serum was rendered species-specific by 
absorption with V fluvialis cells. Both absorbed and unabsorbed
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H antisera agglutinated VL2058 which was previously designated 
as V proteus, Lee Donovan and Furniss (1978) recommend that 
V proteus and V metschnikovii should be included in the single 
species V metschnikovii.
There is evidence from this study that V metschnikovii 
and V proteus have identical H antigens and this supports the 
position of Lee Donovan and Furniss (1978) that these vibrios 
should be included in the single species V metschnikovii.
5.3 V anguillarum
The homologous H agglutinating titre was lower than that 
found with V cholerae, V fluvialis and V metschnikovii antisera. 
This may have been due to the greater degree of autolysis 
observed with cultures and suspensions of V anguillarum (Lee and 
Donovan unpublished findings). This could affect the efficiency 
of the immunizing suspensions used and suspensions used for 
agglutination studies could be less efficient antigens than other 
vibrio species. Species-specific H antiserum was achieved by 
double absorption.
There was some evidence of lack of homogenicity of the H 
antigens among strains of V anguillarum when tested with V cholerae 
H anti sera. This may have a reflection on the findings of some 
workers (Baumann Furniss and Lee 1982: West 1980) who found some
heterogenicity in the species in their taxonomic studies.
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5.4 y parahaemolyticus and V alginolgticus
The H antisera were prepared from cells grown in liquid 
media and therefore probably only contained monotrichous polar 
flagella (Shimada and Nakahara 1977). These antisera agglutinated 
suspensions of V parahaemolyticus and V alginolyticus. No 
agglutination was obtained with suspensions of v cholerae,
V fluvialis, V anguillarum and V metschnikovii.
Despite the lack of evidence from absorption studies it 
was thought that the H antigenic determinants for the polar flagella 
of V parahaemolyticus and V alginolyticus were identical.
Mlwatani and Shinoda (1971) and Terada (1968) found that
V alginolyticus and V parahaemolyticus possessed the same H antigen. 
Terada (1968) reported that the H antigen of V parahaemolyticus was 
different from that of V alginolyticus, Shinoda et al (1976) 
reported that the antigenicity of the purified flagellin prepared 
from the single polar fIage11urn of V parahaemolyticus was common to 
most vibrio species.
These findings are difficult to interpret due to the 
complexity of the flagellar antigens of V parahaemolyticus and
V alginolyticus. Both species have in addition to polar sheathed 
flagella, lateral flagella of the short wave-form. Shinoda and 
Nakahara (1977) thought there were two distinct antigenic 
determinants in the lateral flagella of V parahaemolyticus^ one of 
which;is responsible for H agglutination, the other existing
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inside the flagella and only demonstrated when the flagella are 
solubilized to flagellin monomers.
This area warrants further study but the results of 
this study support the views of Mlwatani and Shinoda (1971) and 
Terada (1968) that V alginolyticus and V parahaemolyticus share 
at least one common H antigen and the views of Sakazaki 
et al (1970) that the H antigen of V cholerae is not homologous 
with the H antigens of y parahaemolyticus anà V alginolyticus.
5.5 Other Vibrio species
H anti sera were not prepared specifically for other 
vibrio species. A selection of other vibrio species were tested 
with the range of Vibrio H anti sera available. Some species were 
agglutinated by unabsorbed antisera. In most cases this was 
weak agglutination at relatively low titres of H antisera. With 
the exception of v mimicus which will be considered separately, 
no agglutination was observed with the H species-specific absorbed 
antisera of V cholerae, V fluvialis, V metschnikovii and 
y anguillarum.
The extent of this section of the study was limited to 
the examination of single strains of some of the representative 
species in the genus vibrio. Therefore any conclusions may lack 
validity. Despite these limitations there is some evidence to 
support the concept of interspecies H cross-reactions within the
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species V cholerae, V anguillarum, V metschnikovii and 
V fluvialis and a species-specific component for each species, 
Bhattacharyya (1975) found H cross-reactions with V cholerae, 
fish {anguillarum) and animal (metschnikovii) vibrios but not 
with other vibrio species and correlated this with bacteriological 
similarity. This is in contrast with Shinoda et al (1976) who 
found a common purified flagellin with most species of vibrio. 
These findings can be reconciled if the concept of a common 
flagellin which is not on the surface of the polar flagellum and 
is only exposed when flagella are solubilized to flagellin 
monomers and therefore only detectable by immunodiffusion 
techniques but not by agglutination is accepted (Shinoda and 
Nakahara (1977), Therefore the common flagellin of Shinoda 
et al (1976) would not be identical with the interspecies and 
species-specific H antigens detected in this study and by 
Bhattacharyya (1975).
6 Other V cholerae Antigens'
6 .1 Pili (Fimbrial) Antigens
No specific investigation was performed during this 
period of study to detect Pili (Fimbrial) antigens with cultures 
of V choleraej Cultures of V cholerae are thought to be sparsely
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fimbriated (Barua and Chatterjee 1964; Tweedy Park and 
Hodgkiss 1968) and no fimbriae were seen in electron microscopic 
preparations of V cholerae in this study. As heated preparations 
were used to prepare 0 anti sera and well washed suspensions and 
flagellar preparations for H antisera it is unlikely that any of the 
immunizing suspensions contained fimbriae,
6.2 K Antigens
There was evidence of the presence of a capsule, 
envelope or mucoid antigen(s) in one of the 0 antigen type cultures 
studied. This culture had an envelope or capsule demonstrable by 
electron microscopy and the 0 agglutination reaction of this strain 
was enhanced by heating. This suggested that the envelope retarded 
the access of the 0 agglutinins to 0 antigen sites on the outer cell 
wall membrane.
Sakazaki et al (1970) found some cultures of V cholerae 
produced a mucoid M antigen which was a poor immunogen and was 
identical in all mucoid cultures of V cholerae.
Mlwatani and Takeda (1976) reported on specific capsule 
or envelope antigens with vibrio parahaemolyticus and at least 5 5  
different K (capsule) antigens have been detected. There was no 
evidence in this study and in other workers' findings (Gardner and 
Venkatraman 1935; Sakazaki et al 1970), that these antigens or
330
structures are common in strains of V cholerae. Therefore there 
has been no attempt to investigate these antigens further in this 
study,
6.3 Heat Labile Common Antigens
In addition ot heat-stable LPS and some flagellar 
antigens, other heat-labile common antigens were found In 
extracts prepared from suspnsions of v cholerae. These soluble 
antigens were detected using immunodiffusion methods and anti sera 
prepared from ultrasonic extracts of v cholerae. The somatic 0 
and R antigens were identified using specific 0 and R antisera 
and establishing a line of identity by double diffusion methods.
At least three common soluble antigens were detected in addition 
to the specific 0 antigens. These common antigens were separated 
by Immunoelectrophoresis into 2 bands, one band was close to the 
antigen well that had not migrated, the other band was well 
separated and had migrated to the anode (positive). Both antigens 
were heat-labile but there was some evidence of differences in 
temperature of destruction of these antigens. These results 
suggest the presence of at least two different heat-labile 
antigens, probably protein in nature distinguishable by migration 
by electrophoresis and heat sensitivity. These conclusions are 
similar to Linton (1940, 1942) and White (1936 1940B, 1940 B,C) and
at least one of the heat-labile common antigens may be similar 
to White's (1940B,C) heat-labile somatic protein (HL5P) antigen.
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There was no evidence that the 0 and H agglutinating anti sera 
used in this study contained immunoprecipitins for the common, 
soluble, heat-labile, non-specific antigens of V cholerae found 
in ultrasonic and other extracts of V cholerae.
7 V mimicus Antigens
7.1 0 antigens
Davis et ai (1981) found that strains of V mimicus
could be serotyped using the Smith (1979) V cholerae 0 typing
scheme. During the course of study at Maidstone 60 out of 
106 cultures of V  mimicus could be successfully allocated to a 
Sakazaki v cholerae 0 antigen type. 18 different 0 types were 
found within the collection of v mimicus examined. There would 
appear to be evidence of considerable sharing of 0 antigens
between V cholerae and V mimicus. Strains of V mimicus which
are agglutinated by v cholerae 0 antisera, completely remove 
V cholerae 0 agglutinins when studied by absorption methods 
indicating complete identity with y cholerae o antigens.
0 serotype 20 (Sakazaki et al 1970) would appear to only
occur in strains of V mimicus^ no V cholerae strains were found of
that serotype in the collection studied at Maidstone. The antigen 
type culture has also now been identified as V mimicus (Sakazaki 
and Donovan 1982). The 0 type antigens of V mimicus cover a wide
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range of the 0 types of V cholerae; therefore a single serotyping 
system appears applicable for both species at present.
7.2 H antigens
The H (Flagellar) antigen(s) of V mimicus would appear to 
be identical with the H (Flagellar) antigen(s) of V cholerae, 4 7  
motile strains of V mimicus were all agglutinated by the working 
dilution of V cholerae H absorbed species-specific anti serum described 
in this study earlier. Suspensions of V' mimicus were agglutinated to 
the same titre as standard suspensions of V cholerae by V cholerae H 
antiserum and also absorbed V cholerae H agglutinins. No studies of 
the flagellar morphology of V mimicus using electron microscopy were 
performed and a specific H anti serum prepared from V mimicus has not 
yet been studied. Despite the absence of conclusive evidence at 
present V mimicus appears to have the identical (H) flagellar antigen(s) 
as V cholerae,
7.3 Relationship with V cholerae
The almost complete antigenic overlap between V mimicus and
V cholerae calls into question the validity of the species V mimicus.
On the evidence of the H antigens of other vibrio species, despite 
significant H antigen overlap, in no other case was complete identity 
of H antigens found, with, the exception of V parahaemolyticus and
V alginolyticus, Mlwatani and Shinoda (1971) also found
V parahaemolyticus and V alginolyticus shared a common H antigen and 
this indicates the close relationship of these species which were 
previously considered blotypes of the same species (Sakazaki et al 1963)
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The separation of V mimicus from V cholerae by Davis 
et ai (1981) was based on the differences in both DNA homology 
and phenotypic differences between the two groups, Davis et al 
(1981) did not study the relationship of the H antigen(s).of 
these vibrios but they were aware of 0  antigen overlap with 18 
of the 0 V cholerae groups of Smith (1979) detected. Brenner 
et al (1982) found out of 51 strains of V mimicus studied, five 
produced a cholera toxin when tested by enzyme-linked immunosorbent 
assay and three produced a heat-stable (ST) toxin. Four of the 
strains producing a cholera toxin were serotype Smith 23,
Smith serotype 23 is equivalent to Sakazaki 0 type 37 
(Sakazaki and Donovan 1982) and six strains of V mimicus producing 
a cholera-like toxin were found within the 0 type 37 collection at 
Maidstone. The V mimicus serotype 37 strains in the Maidstone 
collection were all isolated in Bangladesh from human faeces. It 
would appear that the serotype 37 strains examined by Davis et al 
(1981) were also isolated in Bangladesh, V mimicus serotype 37 
strains producing a cholera-like toxin studied both by Davis et al 
(1981) and at Maidstone appear to be exclusively isolated in 
Bangladesh, this may be a sampling bias in both collections. No 
environmental isolates of these strains were found in either 
collection. Further work is needed to establish the correlation 
of V mimicus serotype 37 with regard to its association with 
diarrhoeal disease in man.
Three out of the four predominating 0 serotypes of 
V mimicus found by Davis et al (198i) were also predominatihg
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serotypes in the Maidstone collection of V mimicus^ they were 
Smith 106 = Sakazaki 41, Smith 113 = Sakazaki 20, Smith 23 =
Sakazaki 37, (Sakazaki equivalents taken from Sakazaki and Donovan 
1982).
The taxonomic position of V mimicus needs to be 
carefully considered to take into account the findings relating to 
phenotypic characters, DNA homology, antigenic formula, toxin 
production and habitat before its validity as a species separate 
from V cholerae can be confirmed.
8 V cholerae anti sera from Commercial and National
Reference Centres
In view of the difficulties encountered by some 
workers in serotyping strains of V cholerae 01 (WHO Scientific 
Working Group 1980; Blake 1981) it was decided to examine V cholerae 
anti sera available from other sources. The main criticism has 
been directed at V cholerae 01 antiserum, the so-called 'polyvalent' 
V cholerae which is the main antiserum supplied.
It was found that a number of anti sera had been 
significantly diluted as judged by their total protein content.
A 'Group Cholera' anti serum from the Vibrio Reference Laboratory 
(VRL) Philadelphia USA had a total protein content of 1.5 gm/litre 
compared with undiluted rabbit serum's total protein content of 
56 gms/litre. This antiserum did not agglutinate suspensions of
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y cholerae 01 when used in a slide agglutination technique, and 
contained low titre H agglutinins. This antiserum was totally 
unsatisfactory for diagnostic work. Blake (198T) also found 
antiserum from VRL did not agglutinate some strains of 
V cholerae 01.
A V cholerae Polyvalent antiserum from Wellcome Reagents 
UK gave good agglutination with strains of V cAoIerae 01 but 
contained high H agglutinins and had been considerably diluted; 
total protein 3 gms/litre. This antiserum would agglutinate strains 
of V cholerae of all 0 types if suspensions contained cells with 
naked polar flagella, eg V cholerae 02 (VL1029), It would appear that 
a fault must have occurred in the production of this antiserum 
with unheated (OH) suspensions used as immunizing agents, which 
would have given rise to very high level 0 and H agglutinins.
Attempts had been made to reduce the strength of the 0 agglutinins 
by diluting the antiserum.
Some of the V cholerae anti serum examined also contained 
low titre non-specific R agglutinins which suggest overheating of 
suspensions used for immunization.
Most y cholerae inaba antisera examined had been over­
absorbed and gave very weak or negative results with y cholerae oi 
inaba cultures. This antiserum is very difficult to prepare and 
present preparations available cannot be recommended. The use of
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alternative methods of preparation should be considered, Morrison 
(1961) Bhattacharyya and Mukerjee (1963) both used a technique of 
passing antiserum through a column of absorbing antigen held in an 
inert matrix. This technique overcomes the problems of preparing
V cholerae inaba specific antisera. Kauffman (1950) considered 
that the differential diagnosis between Inaba and Ogawa subtypes 
required only an Ogawa specific antiserum. With the present 
provision of poor quality Inaba specific antisera this would seem a 
sound suggestion.
The V cholerae Ogawa anti sera examined were all 
satisfactory, giving strong agglutination with Ogawa subtypes and no 
agglutination with Inaba subtypes.
Difco Laboratories produced and sold an antiserum labelled
V cholerae hikojima. This anti serum agglutinated all strains of
V cholerae 01 including subtypes Ogawa, Inaba and Hikojima. It had 
probably been produced by using a suspension of V cholerae 01 Hikojima 
as an immunizing strain. The antiserum was indistinguishable from a
V cholerae 01 polyvalent antiserum. No instructions specific to its 
use were issued by Difco Laboratories. The anti serum was grossly 
misleading to the non-specialist bacteriologist who could assume that 
all strains of V cholerae agglutinated by this anti serum were of the 
Hikojima subtype. From the experience of the collection of strains 
of V cholerae 01 at Maidstone, Hikojima subtypes are rare. It is 
recommended that this anti serum should not be used and should be 
withdrawn.
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The production and issue of V cholerae agglutinating anti sera 
by commercial and reference centres for issue to dlagnsotic laboratories 
is restricted to anti sera for V cholerae 01 and its subtypes Inaba 
and Ogawa. The standard of V cholerae antiserum available for 
examination during this study gave cause for concern regarding both 
sensitivity and specificity. The WHO Scientific Working Group 
(1980) recommended that further information and research work was 
needed with the aims of preparing a better anti serum for V cholerae 
01 and the establishment of an international standard.
The following suggestions are put forward for consideration 
to achieve these object Ives;-
1) The ant I serum should be designated 'Vibrio cholerae 
0 Group 1 agglutinating ant I serum.'
2) This anti serum should be prepared in rabbits immunized 
with heated (1 0 0 °C 2 hours) washed suspensions of standard strains of 
V cholerae which produce smooth colonies and give no agglutination 
with R anti sera both before and after heating.
A suspension of V cholerae 01 Inaba should be used to 
prepare anti serum in one rabbit and a suspension of V cholerae 01 
Ogawa should be used to prepare anti serum in another rabbit.
3) Following preparation of the two anti sera they 
should be titrated with standard V cholerae 01 antigens and the two 
antisera mixed together in proportions to achieve approximately equal 
agglutinating titres with both Inaba and Ogawa subtypes.
338
4) The resulting antiserum should be preserved.with 
0.01# thiomersalate and heated at 50®C for 30 mins to destroy 
complement.
5) The ant I serum should not be diluted unless Its 
titre with both Inaba and Ogawa subtypes exceeds 1 in 1,000.
This should give very quick clear-cut agglutination when used in 
slide agglutination methods.
6 ) The resulting anti serum should be tested against
all other known V cholerae 0 serotypes (Sakazaki and Donovan 1982)
2-83, No agglutination should occur.
7) The anti serum should be tested against a range of
recently isolated strains of V cholerae 01 of both Inaba and Ogawa
subtypes, it should give sirong agglutination.
8 ) The antiserum should not agglutinate R (Rough) 
strains of V cholerae that do not contain 01 antigens and should 
not agglutinate V cholerae H suspensions using both slide and tube 
agglutination methods.
In addition to the recommendations regarding V cholerae 
polyvalent 0 Group 1 antiserum consideration should be given to the 
possible introduction of V cholerae H anti sera to diagnostic 
laboratories to enable these laboratories to have a positive serological 
method of detecting Non-01 V cholerae strains which are of 
increasing impprtance with regard to diarrhoeal disease in man.
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9 Conclusions and Future Research
The value of biochemical and physiological tests for 
the identification of Vibrio cholerae and other vibrio species 
was confirmed during this study. Subdivision of the species 
V cholerae into biochemical groups based on Heiberg Groups (1935) 
was found to be of very limited value. It is recommended that 
the subdivision of the species into three biotypes: classical,
el tor and mimicus should be used irrespective of 0 antigens.
The division of the species v cholerae into types 
based on bacteriophage typing was found to be of value only for 
the 01 serotype using the phages currently available. The division 
of the species into at least 83 types or groups based on the 
Sakazaki scheme was achieved on the basis of differences in the 
heat-stable 0 (LPS) antigens. The antigenic relationship of these 
0 types demonstrated that the majority showed no immunological 
cross-reactions related to their 0 antigens. Some 0 types were 
related to other types and their relationships were investigated 
and usually shared and specific antigenic components similar to 
the subtypes of V choierae 01 inaba and Ogawa were demonstrated.
All strains of v cholerae were shown to have an identical H 
(Flagellar) heat-labile antigenic structure, independent of 
their 0 antigen.
Investigations of the heat stability of V cholerae Q 
antigens demonstrated that suspensions of V cholerae showed a loss
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or reduction of 0 agglutinability when heated at 100°C.
This thermovariable inhibition of agglutination (TIA) was removed 
by further heating at 100°C and was thought to be due to the 
formation of a blocking complex. Three different patterns of 
TIA were observed, which were not related to 0 serotype but were 
found to be strain-dependent.
There was no evidence to support the transmutation 
of 0 types if the full implications of the antigenic relationship 
and heat stability of suspensions are taken into account.
V cholerae 0 serotyping of isolates confirmed that the 01 
serotype Is the 0 type consistently isolated from outbreaks of 
clinical cholera throughout the world at present. However, 
the production of a cholera-like enterotoxin was not restricted to 
this serotype. Strains of V cholerae Q5 and 037 which produced 
cholera-like enterotoxin were found in the collection of vibrios 
available and there was strong epidemiological evidence to 
associate these 0 types with three large outbreaks of human 
gastro-enter it is.
The relationship between biological activity Including 
cholera-like enterotoxin production was not found to be linked with 
0 serotype. The wide range of 0 serotypes of V cholerae found 
within the collection of human isolates probably indicates multiple 
sources of infection and is also a reflection of the wide 
distribution of V cholerae in the environment.
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The investigation of 0  types of V cholerae amongst 
environmental isolates yielded little information of epidemiological 
value.
The H (Flagellar) antigenic relationship within specific 
species of the genus Vibrio was investigated. Unabsorbed H 
antisera prepared from the species V cholerae, V metschnikovii,
V fluvialis and V anguillarum cross-reacted. H anti sera specific 
to individual species was prepared, which suggests a complex of H 
antigenic determinants, the major determinants being specific to 
individual species and minor determinants being common to other 
Vibrio species. The use of specific V cholerae H antisera which 
is polyvalent for all motile strains of V cholerae is recommended 
for the identification of the species V cholerae.
The taxonomic position of the recently-described species
V mimicus in relationship to V cholerae was investigated. The 
antigenic structure of V cholerae and V mimicus appears to be almost 
identical. They share the same H (Flagellar) antigens and their 
range of 0 (LPS) antigens is indistinguishable. The evidence for 
their separate species rank rests mainly on DNA homology data.
The phenotypic data suggests a close relationship. If their 
similar patterns of biological activity are taken into account, it 
would appear logical to recommend that V mimicus should be considered 
a biovar of V cholerae (V cholerae biovar mimicus).
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It is recommended that the antigenic structure of 
vibrios should receive greater consideration than in the past 
when future recommendations regarding the evolution of the 
taxonomy of genus Vibrio are made.
It is recommended that further development of the 0 
serotyping systems for y cholerae should be directed to the 
establishment of a common system because further development of 
the three known schemes, Sakazaki, Smith and Siebeling,without 
regard to their relationship to each other will lead to further 
confusion. The use of LPS extracts of V cholerae strains as 
Immunizing antigens would appear to be a sound basis for 
achieving the production of antisera free from non-specific components. 
The use of these extracts to produce specific hybrldomas for use in 
the production of monoclonal antibodies would appear to be a 
promising line of further research.
It is recommended that the Sakazaki system because of its 
logical designation of 0 types using sequential numbers could be 
the basis of a unified system. Verification of the 83 different 
0 types described in this thesis by the examination of LPS 
preparations prepared from the type working strains and the 
production of antisera prepared using LPS preparations as immunogens 
could be the first step. If the close relationship of certain 0 
types for example 2 and 9 is ratified by these studies it is
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suggested that they be designated types of the same group, eg 
2 = 2A, 9 = 2B. if the relationship of the Smith types Is then 
examined in the context of the confirmed Sakazaki groups. Smith 
types which do not have an equivalent Sakazaki group or type could 
be allocated to vacant numbers in the new system, eg 9 and 
additional types allocated from 84 onwards. The Siebeling types 
should then be examined to see if they have an equivalent type or 
group in the joint Sakazaki-Smith scheme. Where any of the 
Siebeling types does not have an equivalent they could be 
allocated new numbers in the combined syste. Only when these 
changes are complete would it be prudent to consider the case 
for further additional types to attempt to reduce the number of 
strains of V cholerae that are not 0 typable with the present 
scheme.
It is recommended that an international standard for 
y cholerae 01 agglutinating antiserum should be adopted, as 
commercial and national reference anti sera show very significant 
variation in specificity and sensitivity at the present time.
Further work is needed to clarify the flagellar antigenic 
components of various vibrio species. The separation of the sheath 
and core components and their relationship to each other in the 
different vibrio species could be of significance in the development 
of reproducible techniques for determining flagellar antigens, as
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present techniques require a high degree of control of the 
various test conditions to achieve reliable results. Anti sera 
to specific core and sheath flagellar components may also be of 
value in the investigation of the refractive nature of v cholerae 
strains to immobilization by flagellar antisera.
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APPENDIX
Comparison of serovars of Sakazaki (SA) and of Smith (SM)
SA SM SA SM SA SM
2 17 (5047)* 24 56 (5053) 51 40 (5079)
3 62 (5059) 22 (5060) 52 21 (5487)
4 20 (5042) 27 37 (5078) 53 59 (5092)
6 14 (5408,7951)** 312 (6970) 54 308 (7349)
7 13 (5064) 28 75 (5681,6361) 57 32 (7888)
8 22 (6301) 30 110 (7555) 60 28 (6541)
176 (5180) 31 320 (7995) 63 309 (6313)
9 343 (8497) 34 42 (5411) 64 148 (7963)
10 27 (6345,7443) : 35 IS (6707) 65 340 (8025,8585)
11 102 (5811) 36 30 (5128) 66 38 (5052)
180 (7647) 83 (5697) 94 (5051) •
12 33 (7920) 37 23 (5072) 67 24 (5066)
13 29 (6696) 39 68 (5028) 68 12 (5162)
14 31 (5410,7447) 44 (5046) 43 (5165)
16 48 (5068) 329 (8531) 69 77 (5694)
17 57 (6355) 40 11 (6305) 70 64 (7449)
18 25 (5163) 41 (106 (5379,5803) 71 111 (7556)
20 113 (6814)** 44 61 (5029) 72 74 (7900)
21 44 (5037,6535) 46 76 (6335) 73 45 (5009,6308)
23 19 (6701,7586) 79 (5444) 74 342 (8462)
115 (7902) 47 175 (5043) 75 332 (8536)
48 . 60.(6326) 76 18 (7977)
49 69 (5086)
* Numbers in parentheses = test strains.
** Of three strains of SM serovars 14, two (5408 and 7951) were V.cholerae 
and the remaining one (5008) was not V.cholerae based on biochemical 
characteristics.
SA serovars 5,15,19,22,25,29,32,33,38,42,43,45,50,55,56,58,59,62,77,78, 
79,80,81,82, and 83 do not correspond to any of SM serovar.
Unilateral reactions were observed bewteen SA 05 antigen and SM 012 serum, 
SA 016 antigen and SM 0344 serum, and SA 015 antigen and SM 0321 serum.
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than by slide agglutination. This may be used on its own or 
as a confirmation of results obtained by the slide agglutination 
method.
MATERIALS
Sera:
51 V cholerae H (species specific absorbed)
F2 V cholerae H (prepared from a flagella preparation, unabsorbed)
0.0i% Thiomersalate in PBS
0.3# Formalin in PBS (FPBS)
3.0# Phenol In 0.9# sodium chloride
50°C Water Bath
74 X 9 mm tubes
Control H suspension of V cholerae 
The sera need to be diluted (in 0.01# Thiomersalate in PBS) 1 in 5 
to obtain the recommended working dilution for tube agglutination.
The F2 serum should be used undiluted for the Phenol slide agglutination 
method. The SI serum is not suitable for use with the Phenol 
agglutination method.
PROCEDURE
Growth from an overnight culture at 30°C on Nutrient Agar is 
suspended in 0.5 - 1.0 cm^ FPBS in a small vial. The use of a 
sterile swab to remove the growth from the plate is recommended 
as this has been found to yield msooth suspensions.
A light vortex mixing will also help.
Allow to stand 20 minutes; this fixes (kills) the suspension, 
and allows clumps to sediment out.
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Tube Agglutination
Using FPBS dilute the suspension to the same opacity as the 
control suspension (McFarland Standard No. 5 opacity (1.5 x 
1 0 ® organisms/cm®)).
For each test suspension pipette 0.3 cm® volumes of the 
suspension, serum dilutions and saline as shown below:- 
Tube No. 1 2 3
Suspension cm® 0.3 0.3 0.3
Serum cm® 0.3 (51) 0.3 (F2)
PBS - - 0.3
it is recommended that a known H positive control suspension of 
V cholerae |s used with each batch of tests. A control 
suspension is available for issue with the sera.
Tubes are incubated in a water bath at 50°C for 18 - 24 
hours.
Readings are made using a hand Lens examining both the button 
of cells and the suspenions after gentle resuspension of the 
button. H agglutination is shown by a floccular button of 
agglutinated cells which often shows a 'stringy' appearance when 
resuspended.
Results are recorded as follows:-
++ = nearly complete agglutination, some cells Left in
suspension
+ = partial agglutination, some cells left in suspension
± = a few or small agglutinated clumps, many cells left
in suspension 
no agglutination seen
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Expected Results 
Tube No.
Serum
Final Dilution
V cholerae
V metschnikovii
V fluvialis
V anguillarum
V parahaemolyticus 
Aeromonas 
Plesiomonas
1
SI
i/ 2 0 0
2
F2
1/200
+ + 
+ + 
+ + 
+
3
Saline
The specific V cholerae H serum (SI) is highly absorbed and 
should agglutinate motile cultures of all serotypes of 
V cholerae but the V cholerae H serum (F2) will give 'firmer' 
and quicker agglutination than the highly absorbed specific 
serum but will agglutinate some other Vibrio species.
Both sera have been tested for specificity and sensitivity at 
their recommended working dilutions.
Phenol Slide Agglutination
Use the suspension prepared in a small vial previously described. 
Place 2 separate loopfuls of the suspension on a slide. Add one 
loopful of Phenol to the suspensions; allow to stand one 
minute. Then add one loopful of H serum to the first suspension 
and one loopful of PBS to the second suspension. Mix by rocking. 
The H reaction may take up to two minutes to develqp and appear 
finely granular, stringy or floccular; observation with a hand 
lens is recommended. The controls should remain stable (negative)
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H Test H Control 
Position on slide 1 2
Suspension loopful i i
3# phenol loopful i 1
H serum loopful 1
PBS - 1
This phenol H slide agglutination test is a modification of the 
method of J Si I and Kathleen Bhattacharyya (J Med Microbiol 
63 1979).
The (F2) serum is issued 1/20 and we therefore recommend its use 
undiluted; the specificity of the serum has been tested at this 
dilution. The expected results are as given in the table for F2 
under tube agglutination.
Consistent results with both H agglutination methods described are 
not obtained with poorly or non-motile cultures, therefore checks 
for motility and subculture through Craigie tubes are recommended 
prior to H agglutination tests.
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